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The origin of football is vague. Games revolving around the 
kicking of a ball have been played in many countries throughout history. 
According to Federation de International Football Association (FIFA) 
the "very earlier from the game for which there is scientific evidence 
was an exercise of precisely this skillful technique dating back to the 2"" 
and 3*^" centuries BC in China (the game of Cuju)". In addition, the 
Roman game Harpastum may be a distant ancestor of football. Many 
,-^ 
other variants of the game wa^.played^,in•4ifferent part of medieval 
" , • " ' • - - • ! ^ ^ * . 
Europe though rules varied'gceatly both by peAo'd and location. 
M ^- •• ..... .-•• v.y. ) * ', 
In India the game is'also'vpry popular, pthyed and followed across 
, , • • • • • - - ' 
length and breadth of the country*^he Britishers introduced this game 
during the colonial period and it soon caught the fancy of the native 
masses and Bengal become its strong foothold Durand Cup, the third 
oldest football tournament in the world was started in 1898 in Shimla by 
the foreign secretary, Sir Mortimer Durand. Soon the number of 
tournaments and the spread of game both increased leading to the 
formation of All India Football Federation (A.I.F.A.) in 1937. 
The performances of soccer players for the developed nations of 
the world have advanced their research in motor action for the game of 
soccer. The player tries to exhibit different level of speed and 
trajectories of the ball, all with high level of precision in execution of 
their skills. The only way to reach these chosen objectives is by 
controlling the mechanical variables, the dynamics and motor 
coordination of various joints and body segments especially of lower 
limbs. Approaching and analysing soccer phenomena in an objective 
manner pose no mean challenge to both professionals in soccer business 
and to sports science researchers. 
The instep kick is the most powerful kick in the sports of soccer. 
Instep kicking is one of the most fundamental and frequently used skills. 
Players often use instep kick more effective for maximum force and 
distance i.e. a long pass or a shot at goal. The inside-instep kick is 
another most frequently used technique when a shorter and precise pass 
or shot is required. The soccer instep kick and inside instep kick has 
received very little attention in the scientific literature till date, although 
it is the most frequently used during the game. Almost 60 percent of 
techniques used in a soccer game were instep kicks. 
In India, no researches have been undertaken till date in sports 
biomechanics. In the computer era, the motion analysis software and 
programming made biomechanical research especially in kinematics, 
possible to read the sports motion. Hence, I have taken up this study to 
find out the resultant velocity of the ball in relation to kinematics 
variables of different level players. 
PURPOSE 
Purpose of the present study was to describe the kinematics of 
instep and inside instep soccer kick, determine those kinematical 
variables that closely related to resultant ball velocity, gain a better 
understanding of mechanics of the instep and inside instep kick in 
soccer, identify the kinematic aspects of instep and inside instep soccer 
kick and to understand its different mechanics and the effects of soccer 
kick at different joint of different level players. 
SIGNIFICANCE 
The result of this study will be a turning factors for the Indian 
football/ soccer players to finest their movement patterns or 
performances. The study will be of significant in the following ways: 
1) This study will assist in an attempt to understand the effect of 
soccer kicking mechanics. 
2) This study vdll provide a mechanical area of skill movement 
and technique of different level soccer players. 
3) This study will generalize the mechanical aspect kicks (instep 
and inside-instep) of soccer players and ball velocity. 
4) This study will contribute to analyses the perfect skill 
movements, segmental positions and angle of the lower limbs 
to bring about the maximum ball velocity. 
5) This study will contribute to understand the intricacies involve 
in coming up with best kick performances. 
6) This study will provide to be acquainted with mechanical 
advantages of segmental movement in kicks. 
7) This study will contribute to identify the variation of lower leg 
segment's joint angle and joint displacement in particular to 
the level of player and explicit kick type. 
8) This study will contribute to identify the variation of lower leg 
segment's linear velocity and angular velocity in particular to 
the level of player and explicit kick type. 
9) This study will offer principal variation of lower leg segment 
to the preferred level of player and kick type to optimize the 
ball velocity performances. 
10) This study will offer principal variation in ball velocity 
performances, demanded at the instant of play situation and 
with the type of kick. 
11) This study will offer with wide variation of application of 
these mechanical aspects of lower leg segments or the ball 
velocity performances in virtual circumstance. 
12) This study will provide concept of mechanics of soccer kicks 
to Indian athletes, trainers, physical educators and coaches. 
13) This study will provide understanding of mechanical aspect in 
soccer kicks to athletes, trainers, physical educators and 
coaches to exploit for the maximum advantages to boost 
kicking performance. 
14) This study will provide well-defined mechanical aspect of 
segmental maneuvers to soccer kick performance for ball 
velocity to athletes, trainers, physical educators and coaches, 
and will be able to extract the flaws in technique/skill or ball 
velocity performance. 
METHODOLOGY 
The ninety-nine skilled soccer players were randomly selected for 
the study from different levels (i.e. high, medium and low). All the 
selected players had readily agreed and volunteered to act as subject for 
the study. 
The researcher collect data of national and inter-university level 
players designated as high level players; state competition and inter-
college tournament players for medium level players; and representing 
play in district competition as low level players. In order to maintain 
homogeneity only right-footed kickers were selected for the study. The 
selection of subjects of each level was done by random method, the 
selected subjects were initiated through concerned coaches, and later 
direct contacts were made. The coaches provided names of the potential 
players who were free of any type of injury in the lower extremities. 
The subject's anthropometric measurements, the body weight of 
each subject were measured in kilogram using a simple weighing 
machine. Height was measured by a vertical ruler and segmental length 
as lower leg length, thigh length, foot length, were measured with the 
help of measuring tape in centimeters. 
The subject's kicking motion were recorded using VLC Hard Disk 
video cameras in a field setting. The cameras were set-up on a rigid 
tripod and secured to the floor in the location. In order to obtain 
maximum accuracy in the reconstruction of the two-dimentional co-
ordinates, the location of the cameras were chosen in such a way that the 
optical axes of the cameras intersected perpendicularly on both planes 
namely sagittal plane and frontal plane. 
One camera was positioned perpendicular to the sagittal plane and 
parallel to the mediolateral axis (camera optical axes perpendicular on 
the sigittal plane) as their kicking leg giving approximately a 90" 
between their respective optical axes. 
Other camera was positioned five meter behind five meter behind 
the stationary ball position with the camera's optical axis perpendicular 
to the frontal plane for measuring the leg motion of players during 
instep and inside instep soccer kick. 
The cameras were elevated 95 cms. from the ground and tilted in 
order to get the image of the subject as large as possible while all points 
of interest remained totally within movement. The camera was operated 
by the researcher assistant. Once the signal was given, the subject began 
to execute the whole range of kicking motion. 
The vediographic data were collected from time to time according 
to the competition schedules. The video recording was loaded into the 
researcher's personal computer (PC) for trail identification. The 
identified trail were played with the help of Hero Video of Hero Super 
Player 3000 software to make separate clips of each player for separate 
kicking skills. The separate clips were then opened on to the Motion 
Analysis Tool (MAT) software. This software provides to identify the 
angles, displacement, time and number of frames. 
For identification of the subject in the video graph, each subject 
was given a code/number as to distinguish them in the data recorded. 
For identification purposes of a best kick, the trails were viewed on the 
computer system with expert on the subject (football) to demarcate the 
trail for the data acquisition. The best trail kicks were spotted and edited 
for analysis. 
To identify the frame of soccer kick movements for analysis has 
been divided in to three components namely initial, contact and follow 
through phase. The start of the kick is defined as swing of the kicking 
leg until the point of hip hyperextension and maximum knee flexion. In 
addition, the finish of the initial phase is defined as the instant 
immediately before the foot makes contact with the ball. The contact 
phase defines as the ball contact with the kicking foot or the point of the 
maximum knee extension until the contact with ball. The follow through 
phase is explained as the point just after the ball contact until the 
kicking leg reach up to its maximum height or maximum hip flexion. 
SOFTWARE USED FOR ANALYSIS 
To analyses the video recording following softwares were used 
a) Motion Analysis Tools, Version 1.1a 
b) CoralDRA W Graphics Suit 12, version 12.0.0458 
c) HeroVideo of Hero Super Player 3000 
d) Windows Picture and Fax Viewer (Window XP SP2) 
e) SPSS 13 
To data analyse, Motion Analysis Tools, CoralDRAW, HeroVideo 
of Hero Super Player, Windows Picture and Fax Viewer and SPSS 
softwares were used. Coral draw was used to measure angles between 
different phases of different body segments with the help of freehand 
tools of the software. Windows Picture and Fax Viewer used for 
selection of initial, contact and final position frame of the subject. Hero 
video of hero super player was used for constructing the best-performed 
kick's clips (Instep and Inside Instep) and their frames. SPSS Software 
used for to calculate Analysis of Variance (ANOVA) with Least 
Significant Difference (LSD) post hoc test to determine the means 
significant difference between different level players during soccer 
kicks. 
STATISTICAL PROCEDURE 
In order to test the kinematic data for the joint angle, 
displacement of joint axis, linear velocity and angular velocity, a two-
way analysis of variance (ANOVA) was applied to obtained significance 
mean difference. A Least Significant Difference (LSD) post hoc test was 
applied in cases where "F" ratios were significant; to find-out which of 
the differences of the level paired means were significant. 
The t-test was also computed to assess the significant difference 
of the ball velocity amongst different level of players in instep and 
inside instep soccer kick; and further between the same level of players 
(High-High, Medium-Medium and Low-Low). 
Kinematic parameters investigated throughout the different phases 
of kicking motion were represented with various plots and graphs using 
the SPSS computer software programs. 
RESULT 
The results of the present investigation have been categorized 
under the following heading: 
1) Analysis of joint angle of different level soccer player during 
different phases in instep and inside instep soccer kicks. 
2) Displacement of various joints of different level players during 
different phases in instep and inside instep soccer kicks. 
3) Description of angular velocity at various joints for different level 
players in instep and inside instep soccer kick. 
4) Description in linear velocity at various joints for different level 
players of instep and inside instep soccer kick 
5) Description of ball velocity for corresponding level players 
between instep and inside instep soccer kick. 
Analysis of joint angle of different level soccer player during 
different phases in instep and inside instep soccer kicks 
The result of the study indicated for joint angles of instep kick at 
initial phase for different level male soccer players that ankle and knee 
joint angles showed significant difference. Further the LSD post hoc 
revealed that at ankle joint angle- high and medium; high and low level 
players showed significant mean difference. For the knee joint angle-
high and low level players showed significant mean difference. Joint 
angles of inside instep kick showed significant difference for ankle and 
knee joint angles. Further the LSD post hoc revealed that different level 
(high, medium and low) players showed significant mean difference 
among them in ankle joint angle. For the knee joint angle- high and 
medium; and high and low level players showed significant mean 
difference. 
The result of the study indicated for joint angles of instep kick at 
contact phase for different level male soccer players that ankle and knee 
joint angles showed significant difference. Further the LSD post hoc 
revealed that at ankle joint angle- high and medium level players 
showed significant mean difference. For the knee joint angle- high and 
medium; high and low level players showed significant mean difference. 
Joint angles of inside instep kick showed significant difference for ankle 
and knee joint angles. Further the LSD post hoc revealed that at ankle 
joint angle- high and medium; high and low level players showed 
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significant mean difference. For the knee joint angle- high and medium; 
high and low level players showed significant mean difference. 
The result of the study indicated for joint angles of instep kick at 
follow through phase for different level male soccer players that ankle 
and hip joint angles showed significant difference. Further the LSD post 
hoc revealed that at ankle joint angle- high and medium; and high and 
low level players showed significant mean difference. For the hip joint 
angle- high and medium and high and low level players showed 
significant mean difference. Joint angles of inside instep kick showed 
significant difference for ankle and hip joint angles. Further the LSD 
post hoc revealed that at ankle joint angle- high and medium; and high 
and low level players showed significant mean difference. For the hip 
joint angle- high and medium level players showed significant mean 
difference. 
Displacement of various joints of different level players during 
different phases in instep and inside instep soccer kicks. 
The result of the study indicated for at various joints axis of 
different level players at initial to contact phase of instep kick that ankle 
and hip joint axis showed significant difference in displacement. Further 
the LSD post hoc revealed that high and medium; high and low level 
players for ankle joint axis; and high and low level players for hip joint 
axis showed significant mean difference in displacement. The knee 
joints axis of different level players showed significant difference in 
displacement for inside instep kick. Further it revealed that high and low 
level players for knee joint axis showed significant mean difference in 
displacement. 
The result of the study indicated for displacement at various joints 
axis of different level players at contact to follow through phase of 
instep kick that all the joint (ankle, knee and hip) axis displacement 
showed significant difference in displacement. Further the LSD post hoc 
revealed that high and medium levels; high and low levels for ankle 
joint axis; high and medium levels; high and low levels player for knee 
joint and high and medium level soccer players for hip joint axis 
displacement showed significant mean difference. 
The ankle and knee joint axis displacement of different level 
players showed significant difference for inside instep kick. Further it 
revealed that high, medium and low level players showed significant 
mean difference among them for ankle and knee joints axis 
displacement. 
Description of angular velocity at various joints for different level 
players in instep and inside instep soccer kick. 
The result of the study indicated for angular velocity of ankle, 
knee and hip joint showed no significant difference during soccer among 
different level (high, medium and low) male soccer players. However 
the angular velocity of ankle and knee joints showed significant mean 
difference in inside instep kick. Further, high and medium level; and 
high and low level players for ankle and knee joint showed significant 
mean difference. 
Description in linear velocity at various joints for different level 
players of instep and inside instep soccer kick 
The result of the study indicated for linear velocity at various 
joints of different level players of instep kick that linear velocity of 
ankle, knee and hip joints showed significant mean difference. Further, 
high and medium level and high and low level players at ankle and knee 
joint and high and medium level player at hip joint showed significant 
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mean difference. Whereas, during inside instep kick among different 
level players showed no significant difference. 
Description of ball velocity of different level players and for 
corresponding level players of instep and inside instep soccer kick. 
The result of the study indicated for ball velocity of different 
level players showed significant mean difference during instep soccer 
kick. The high and medium; and high and low level players showed 
significant mean difference in their ball velocity. During inside instep 
soccer kick, the ball velocity of among different level players showed 
significant mean difference. 
Ball velocity between Instep and Inside-Instep kick 
The comparison of means of ball velocity of high, medium, and 
low level soccer players during instep and inside instep kick have shown 
significant difference. 
DISCUSSION 
The most important reflections of the study are that the instep and 
inside instep soccer kicks differ in their kinematical applications; the 
kinematical variables undertaken for the instep and inside instep soccer 
kicks of different level of players; the ball velocity amongst different 
level players and ball velocity between corresponding levels of instep 
and inside instep soccer kicks have shown significant differences. The 
finding of this study is analogous to some of the previous study. From 
the result of the study it can be stated that kinematic variables is 
responsible for variation in ball velocity during instep as well as in 
inside instep soccer kicks. Thus, the kinematic (joint angles, 
displacement, linear velocity and angular velocity of ankle, knee and 
hip) variations resulted from the analysis of the study must needs to be 
II 
considered for correction, training and other factors to enhance the 
kicking performance in bail velocity of different level soccer player in 
instep and inside instep kick. 
RECOMMENDATION 
Based on the findings of study and literature reviewed, the following 
recommendations can be made in Indian prospective: 
1. A similar study may be conducted in laboratory set-up. 
2. A similar study can be undertaken with greater number of 
biomechanical variables and considering total body segments. 
3. A similar study may be conducted to investigate separately for 
upper and lower body kinematics during various soccer kicks. 
4. A similar study may be conducted considering both kinetic and 
kinematic variables. 
5. A similar study may be conducted to investigate other 
technique'skill (variations) of soccer kick. 
6. A similar study may be conducted in three dimensional analyses 
process and with higher degree of freedom. 
7. A similar study may be conducted for Indian woman soccer 
players. 
8. A similar study may be conducted with different population, sex 
and age groups at different skill levels. 
9. A similar study may be conducted considering Indian 
international level players. 
10. A similar study may be conducted to compare considering Indian 
international to world class level players (Europeans, Africans, 
etc.). This would provide invariant parameters for the study. 
11. A similar study may be conducted with sophisticated equipments 
and subjects of higher level, taking bigger sample and with 
greater number of variables. 
12 
A STUDY OF LINEAR AND ANGULAR 
KINEMATIC ANALYSIS OF SOCCER INSTEP 
AND INSIDE INSTEP FOOT KICKS OF 
DIFFERENT LEVEL PLAYERS 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE Of 
Bottor of $IiilO!$opI)p 
IN 
PHYSICAL EDUCATION 
BY 
MOHAMMAD AHSAN 
Supervisor Co-supervisor 
Dr. Ikram Hussain Mr. Aasim Zafar 
DEPARTMENT OF PHYSICAL HEALTH AND SPORTS EDUCATION 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2008 
u ^ 
T8633 
4 * # /! 
D f artimt of Physical Heal aid Sports E t a i o n 
Aligarh Muslim University 
Aligarh 
Dr. Ikram Hussain 
Reader 
Phone : +91-571-2700336 
Mobil : +91-9411465663 
E-mail: ikraml961@yahoo.com 
^is is to certify that the (Ph.'D. Thesis entitled "A Study 
of Linear And angular JQnematk Rnafysis of Soccer Instep 
And Inside Instep !Foot !I(ic/(s of 'Different Level'Siaijers" 
being submitted by Mr, Mohammad !Afisan is in partial 
fulfillment of the requirement for the award of the degree of 
Doctor of ^Philosophy in Physical 'Education of Aligarh 
Muslim llniversity Aligarh. This is a record of candidate's 
ozun luor/l carried out by him under my supervision and 
guidance. Ihe matter embodied in this 'Ph.D. zvor/<i has not 
been submitted for award of any degree or diploma. 
w 
(Dr. HqramlKussain) 
DEPARTMENT OF COMPUTER SCIENCE 
Al IGARH MUSLIM UNIVERSITY 
Aasim Zafar phone/Fax: 00-91-571-2704023(0) 
Lecturer Mobile: 00-91-9319098461 
E-mail: aasimzaf<tr@rediffmail.com 
Certificate 
This is to certify that the thesis entitled "A study of linear and angular kinematic 
analysis of soccer instep and inside instep foot kicks of different level players" being 
submitted to the Department of Physical Health and Sports Education, Aligarh Muslim 
University, Aligarh, in partial fulfillment of the requirements for the award of the degree of 
Doctor of Philosophy is a record of the bonafide research work carried out by Mohammad 
Ahsan under the joint supervision of Dr. Ikram Hussain and the undersigned. This work has 
not been submitted to any other University or Institute for the award of a degree or diploma. 
(Aasim Zafar) 
ACKNOWLEDGEMENTS 
All praise is due to Almighty Allah, the source of all knowledge, without whose 
mercy, this work could have never been completed. Anything that is new, unusual and 
unorthodox should be carried out delicately, with a proper direction and immaculate 
supervision. My supervisor Dr. Ikram Hussain with his proactive approach, tireless 
effort and keen interest earnestly fits the bill. 1 thank him for his enthusiastic and 
energetic attitude towards the completion of this venture. He shall always inspire me, 
in all my endeavors. 
I would like to thank Prof Jawaid AH, Chairmen, Department of Physical Health 
And Sports Education, Aligarh Muslim University, Aligarh, for his constant 
encouragement, sympathetic understanding and attitude. He provided me with all 
necessary facilities which were required for this thesis work. 
I thank my co-supervisor Mr. Asim Zafar, Sr. Lecturer, Department of Computer 
Science, Aligarh Muslim University, Aligarh, for his constant inspiration, 
encouragement, motivation and guidance. 
I am deeply indebted to all the teachers, Department of Physical Health And 
Sports Education, Dr. Kabir Shah Khan, Dr. Rajender Singh, Dr. Brij Bhushan Singh, 
Dr. Zamirullah Khan and Mr. Syed Tariq Murtaza and other staff members for their 
invaluable suggestions and inspirations during the research work. 
I am also grateful to Dr. Haseeb Athar and Dr. Rafiq Ullah Khan, Department 
of Statistics, Aligarh Muslim University, Aligarh, for their help and suggestions during 
the course of study. 
I am thankful to all the organizing secretary of tournaments, who have 
facilitated the data collection, coaches and subjects, whose cooperation have lead to 
the completion of this research work worth. 
I am also indebted to all my colleagues and friends. Special thanks to the 
members of Department of Physical Health And Sports Education, Aligarh Muslim 
University, Aligarh, for their constant motivation. 
/ also express my deepest gratitude to my mother and other family members who 
are the pillar of my standing and have lovingly nurtured my dreams and stood by me 
through the thick and thin. 
Last but not the least, there is a limit to man's attainments that may only be 
traversed by his longing. What I am and hope to be, I owe it to my mother. 
Thanks Almighty Allah, he may pave the way for my achievement in academic 
and personal pursuits and provide me the opportunity to offer honorable services to my 
country and society. 
TABLE OF CONTAINS 
Page No. 
LIST OF TABLES iii 
LIST OF ILLUSTRATIONS v 
Chapter 
I INTRODUCTION 1 
Statement of :he problem 18 
Delimitations 18 
Limitations 19 
Hypotheses 20 
Purpose of the study 22 
Definition and Explanation of Terms 23 
Significance of study 28 
II REVIEW OF RELATED LITERATURE 31 
III METHODOLOGY 69 
General Procedures 70 
Preliminary Investigations, 70 
The Subject, 71 
Selection of subjects, 72 
Filming Procedures, 72 
Selection of trials, 73 
Selection of frames for analyses 74 
The Linkage System 81 
Selection and Description of Instrumentation 83 
Anthropometric Data Collection 83 
Procedure of Biomechanical Analysis 84 
Videography Techniques 85 
Data Reduction and Analysis 88 
Analytical Software 89 
Kinematics Analysis 92 
Joint Angle 93 
Angle Variations between Different Phases 95 
Displacement of Joint Axis 97 
Linear Velocity 101 
Angular Veloci:y 102 
Ball Velocity 104 
Statistical Procedure 104 
VI ANALYSIS OF DATA, RESULTS AND DISCUSSIONS 106 
Description of the subjects 108 
Results 110 
Examination and summary of the hypotheses 162 
Discussion of Finding 165 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 190 
Summary 190 
Conclusions 205 
Recommendations 207 
REFERENCES 209 
APPENDICES I 
LIST OF TABLE 
Table Page No. 
1 Anthropometric Measurements 84 
2 Demographic data 108 
3 Anthropometric description of the subject 109 
4 Analysis of joint angle of different level soccer player 
during initia phase of instep kick 110 
5 Least significant difference joint angle initial phase 111 
6 Analysis of joint angle of different level soccer player 
during contact phase of instep kick 113 
7 Least significant difference contact phase of instep kick 114 
8 Analysis of joint angle of different level soccer 
player during follow through phase of instep kick 116 
9 Least Significant Difference 117 
10 Analysis of joint angle of different level soccer player 
during initial phase of inside instep kick 119 
11 Least wSig'iificant Difference 120 
12 Analysis of joint angle of different level soccer player 
during contact phase of inside instep kick 122 
13 Least Significant Difference 123 
14 Analysis of Joint Angle of Different Level Soccer Player 
During Follow Through Phase of Inside Instep Kick 125 
15 Least Significant Difference 126 
DISPLACEMENT OF VARIOUS JOINTS OF 
DIFFERENT LEVEL PLAYERS 
16 Initial to Contact Phase of Instep Kick 128 
17 Least Significant Difference 129 
18 Contact to Follow Through Phase of Instep Kick 131 
ni 
19 Least Significant Difference 132 
20 Initial :.o Contact Piiase of Inside Instep Kiclc 134 
21 Least vSignificant Difference 135 
22 Contact to Follow Through Phase of Inside Instep Kick 137 
23 Least Significant Difference 138 
24 Description of angular velocity at various joints for 139 
Different level players of instep soccer kick 140 
25 Description of angular velocity at various joints for 
different level players of inside instep soccer kick 142 
26 Least Significant Difference 143 
27 Description of linear velocity at various joints for 
different level players of instep soccer kick 145 
28 Least Significant Difference 146 
29 Description of linear velocity at various joints for 
different level players of inside instep soccer kick 148 
30 Description of ball velocity for different level players 
of instep soccer kick 150 
31 Least significant difference ball velocity 151 
32 Description of ball velocity for different level players 
of inside instep soccer kick 153 
33 Least significant difference ball velocity 154 
34 Ball velocity of instep and inside instep soccer kicks 
Among different level players 156 
iv 
LIST OF ILLUSTRATIONS 
Graph Page no. 
1 Joints angle measurement at initial phase of instep soccer kick. 112 
2 Joints angle measurement at contact phase of instep soccer kick 115 
3 Joints angle measurement at follow through phase of instep soccer kick 118 
4 Joints angle measurement at initial phase of inside instep soccer kick 121 
5 Joints angle measurement at contact phase of inside instep soccer kick 124 
6 Joints angle measurement at follow through phase of inside 
instep soccer kck 127 
7 Displacement of joints at initial to contact phase of instep soccer kick 130 
8 Displacement of joints at contact to follow through phase of 
instep soccer kick 133 
9 Displacement of joints at initial to contact phase of 
inside instep soccer kick 136 
10 Displacement of joinvs at contact to follow through phase of 
inside instep soccer kick 139 
11 Angular velocity at various joints of instep soccer kick 141 
12 Angular velocity at various joints of inside instep soccer kick 144 
13 Linear velocity at various joints of instep soccer kick 147 
14 Linear velocity at various joints of inside instep soccer kick 149 
15 Ball Velocity during instep soccer kick 152 
16 Ball Velocity during inside instep soccer kick 155 
17 Ball velocity of high level soccer players 157 
18 Ball velocity of medium level soccer players 159 
19 Ball velocity of low level soccer players 
Figure 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Picture 
1 
2 
3 
4 
5 
6 
Instep soccer kick initial phase 
Instep soccer kick contact phase 
Instep soccer kick follow through phase 
Inside instep soccer kick initial phase 
Inside instep soccer kick contact phase 
Inside instep soccer kick follow through phase 
Link segments 
Camera position two-dimensional co-ordinates 
Camera's position of optical axis 
Segments position for kinematical analysis 
Instep soccer kick initial phase 
Instep soccer kick contact phase 
Instep soccer kick follow through phase 
Inside instep soccer kick initial phase 
Inside instep soccer kick contact phase 
Inside instep soccer kick follow through phase 
161 
Page No. 
75 
76 
77 
78 
79 
80 
81 
86 
87 
92 
75 
76 
77 
78 
79 
80 
VI 
Chapter-I 
INTRODUCTION 
Football (soccer) is the world's most popular game. It played in 
more countries than any other sport. The minimal equipment 
requirement and simple rule have aided its spread and growth in 
popularity. Millions of people among professional and amateur level 
played it. According to a survey conducted by FIFA published in 2001, 
over 240 million people from more than 200 countries regularly play 
football. There are more than forty million registered players of this 
game around the world. The excitement and the passion generated to the 
football stadium around different part of the globe while billions more 
watch the game on their television sets. 
The origin of football is vague. Games revolving around the 
kicking of a ball have been played in many countries throughout history. 
According to FIFA the "very earlier form of the game for which there is 
scientific evidence was an exercise of precisely this skillful technique 
dating back to the 2"^  and 3""*^  centuries BC in China (the game of 
Cuju)". In addition, the Roman game Harpastum may be a distant 
ancestor of football. Many other variants of the game was played in 
different part of medieval Europe though rules varied greatly both by 
period and location. 
The efforts to standardise the varying forms of game started in the 
mid 19'" century. One of the major event toward this standardization 
was the formation of Football Association (F.A.) in 1863. The 
International Football Association Board (IFAB), the law governing 
body of modern soccer was formed in 1886 in Manchester. The FIFA, 
the international football body, was formed in Paris in 1904 and 
declared that they would adhere to laws of the game of the football 
association. 
The growing popularity of the game soon led to the induction of 
soccer to the Olympic game. In 1908 for the first time, soccer made it 
Olympic debut in London Olympic. 
In India too the game is also very popular played and followed 
across length and breadth of the country. The Britishers introduced this 
game during the colonial period, it soon caught the fancy of the native 
masses, and Bengal becomes its strong foothold. Durand Cup, the third 
oldest football tournament in the world was started in 1898 in Shimla by 
the foreign secretary, Sir Mortimer Durand. Soon the number of 
tournaments and the spread of game both increased leading to the 
formation of All India Football Federation (A.I.F.A.) in 1937. The AIFF 
was affiliated to the world body FIFA in 1948 and was one of the 
founder members of Asian Football Confederation (AFC) in 1954. 
The 19.51 - 1962 decade was the golden age for Indian Football, 
as the country put up a commendable show in a number of international 
competitions. India won the gold medals in the 1951 and 1962 Asian 
Games at New Delhi and Jakarta respectively. In the 1956 Melbourne 
Olympic, India became first Asian nation to reach the Olympic football 
semi-final. However, since the game in the country has failed to keep 
place with the evaluation in other countries and currently we are 
languishing at the bottom of football ranking. 
To gain the competitive edge required for success in soccer, one 
needs to fully understand and develop the various fundamental skills 
such as positional play, feints and pivots, running dribbling, passing 
throwing, heading and kicking which are frequently used by soccer 
player during the game. In a true sense, soccer is a game with a complex 
system of motor action. 
The performances of soccer players for the developed nations of 
the world have advanced their research in motor action for the game of 
soccer. The player tries to exhibit different level of speed and 
trajectories of the ball, all with high level of precision in execution of 
their skills. The only way to reach these chosen objectives is by 
controlling the mechanical variables, the dynamics and motor 
coordination of various joints and body segments especially of lower 
limbs. 
Many studies have been done to understand fundamental soccer 
skills, and some have especially focused on kicking. However, a full 
picture of an efficient kick remains incomplete owing to constraint of 
test designs and difficulties that arise in synchronizing and analyzing 
information generated by multiple assessment techniques. Previous 
scientific studies may be generally categorized as: two-dimensional 
kinematic analysis using high-speed cameras, muscle activity studies 
using electromyography, three-dimensional analysis of the kicking-leg 
using a partial-body model, and kinetic studies using force 
measurements and modelling. 
Kicking movement in soccer is relatively an easy series of 
rotational movements. In this movement, the aim is to produce through 
the kinematic chain of body segment high angular velocity to the foot, 
the length of the body segments or the radius of traditional movements 
influences the line or velocity of the rotating foot. Thus, the body height 
and length of different body segment is an advantageous feature for 
players because the linear velocity of rotating levers is expressed as a 
product of radius of rotational movement and angular velocity. 
The instep kick is the most powerful kick in the sports of soccer. 
Instep kicking is one of the most fundamental and frequently used 
skills. It requires coordination of rapidly moving body parts, and 
accurate foot placement, and body positioning, angled approach to the 
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ball, subsequent support foot contact with the ground accompanied by 
sequential transfer of moment from proximal to distal body segment in 
the swing of kicking limb. 
The soccer instep kick is the kick, which is most advantageous in 
soccer because it is the most powerful kick. Players often use instep 
kick more effective for maximum force and distance i.e. a long pass or a 
shot at goal. The force for the long kick is gained from the run-up to 
the ball, and from the motion of maximum number of body parts. These 
include hip and trunk rotation, hip flexion, knee extension and ankle 
planter flexion from a rigid surface for impact. 
The inside-instep kick is another most frequently used technique 
when a shorter and precise pass or shot is required, whereas the instep 
kick is used when a faster ball speed must be generated. According to 
(Grant, 1998) study that analyzed the techniques used to score the goals 
in the 1998 World Cup; these two kicks were most commonly used to 
score goals. In particular for the inside-instep kick, this technique was 
used to score 16 of 17 goals from penalty kicks. 
According to the theoretical concept and soccer coaches, the 
soccer instep kick is more likely to result in maximum ball velocity and 
in greater accuracy compared to other forms of kicks such as toe- kick, 
inside-kick, or out-side-kick (Heyward, 1971). 
focused upon calculating the peak velocity of instep kicks by eli 
The soccer instep kick and inside instep kick has received very 
little attention in the scientific literature till date, although it is the most 
frequently used during the game. Almost 60 percent of techniques used 
in a soccer game were instep kicks. Previous biomechanical studies 
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performers and used timing lights to record velocity, and also to 
measure impact force of the instep kicks. Some researchers took video 
recording from the top and side, which were fitted into two-dimensional 
linkage models to analyze the injury potential of the instep kick with the 
three other kicks. 
One of the main reasons for the lack of researches on the inside 
instep kick appears due to its rotational nature, the majority of 
videography studies have looked at the front kick (Instep) using a two-
dimensional analysis (Huang, 1982), due to the front kick (instep) being 
essentially a single planner movement that involves minimal body 
rotation. Considering that the majority of soccer inside instep involves 
body rotation of some kind, and with the recent advance in technology, 
the logical progression appears to be to three-dimensional analysis. 
Many researches dedicated their time to study the complex 
kicking motion of soccer by examining the relevant biomechanical 
variables. These includes kinematics studies concerning the importance 
of non-kicking leg position and knee joint angles (Burdan, 1955; Togari, 
1972) and also the orientation and angular displacement of the kicking 
leg and food at the contact ( Aitchison and Lees, 1983 ) or before ball 
contact (Robert and Metcalfe, 1968; Copper et. al. 1982) for successful 
kicking. Studies also elicited that there is relationship between the 
swing velocity of the kicking limbs, striking mass at impact and the ball 
velocity (Plagenhoef, 1971). Kicking governed by the motor 
characteristics of individual player (Rodano & Tavana 1993) and of 
different Level of players has a different swing motion kinematics 
(Togari, 1972) There seems to be a general developmental trend, which 
most children tend to follow when learning motor skills (Bloomfield et. 
al. 1979). 
BIOMECHANICS 
Biomechanics of human movement is broadly defined, as the 
science involving the internal and external force acting on a human 
body and description of motion, including the pattern and speed of 
movement of body segments, it help understanding basic mechanical 
concepts methods and analysis technique for human motion. 
Biomechanics is an applied form of mechanics and consequently 
the methods used to investigate mechanical principles. However, 
biomechanics have not developed in the wake of mechanics but as a 
bordering science in other scientific discipline such as anatomy, 
physiology and technique of sports. 
The basis for the field of biomechanics is that the laws of 
mechanics apply to living organisms just as well as they do to inanimate 
objects. In the human performance, biomechanics contributes to the 
description, explanation, and predication of the mechanical aspects of 
human exercise, sports and play. 
BIOMECHANICAL ANALYSIS 
A biomechanical analysis evaluates the motion of a living 
organism and the effect of forces on the living organism. The 
biomechanical approach to movement analysis can be qualitative, with 
movement observed and described, meaning that some aspect of the 
movement measured. The use of the term biomechanics in this text 
incorporates qualitative components with a more specific quantitative 
approach. In such an approach, the motion characteristics of a human or 
an object are described using such parameters as speed and direction, 
how the motion is created through application of forces both inside and 
outside the body, and the optimal body positions and actions for 
efficient, effective motion. 
The biomechanical analysis can help to understand the critical 
point of technical performance thus helping coaches and athletes in their 
preparation. Human motion analysis is frequently used today for both 
clinical and research application. The art and science of motion analysis 
has expanded beyond basic descriptions of ambulatory patterns to 
include front line clinical roles in rehabilitation, surgery, prosthetics, 
orthotics, ergonomics and athletics. 
The biomechanical analysis are two types-Qualitative and 
Quantitative. The qualitative analysis includes the development of a 
theoretical model as a basis for identifying faults and judging their 
relative importance. In the qualitative analysis, the performance is 
evaluated subjectively based on direct visual observation and this 
method is widely used, as it is less expensive. To conduct qualitative 
analysis, some prior knowledge of the sports or activity is required 
particularly if the motor skill is to be analyzed. 
A qualitative analysis includes visual and photographic 
observations, which usually result in a description or a judgment of the 
strong and the weak points of a given performance. Visual analysis has 
the obvious advantage of not requiring expensive equipment but suffers 
from limited accuracy and most effectively practiced by an expert coach 
with an experienced eye. With the luxury of film or videotape and the 
time to view repeatedly a single performance, the chances for correctly 
diagnosing an error are enhanced. 
The quantitative analysis is an objectively based technique 
depending upon measurements taken from recording (e.g. film, 
videotape, force-time curves' etc.) of the movement. At any level of 
quantitative analysis, there is a need for interaction between the coach 
and biomechanist if maximum performance is to be achieved. 
Quantitative evaluation of movement requires that a permanent record 
should be collected and stored for a number of trials so that each can be 
viewed and analysed. Recording of permanent data of movement may 
take a number of different forms, for example cinematography, 
electromyography (EMG), accelerometry, dynamometry or 
electrogoniometry. 
In quantitative analysis, the performance is first recorded and 
then it is evaluated objectively. This method is mainly used only for 
research purposes and is quite expensive. It involves the measurement 
and recoding of hard data about movement, gait analysis, sequential 
analysis in kicking and throwing, postural characteristics in relation to 
performance, and it goes well beyond qualitative analysis because of its 
emphasis to identify the mechanical principals that effect motion and 
movement patterns in numerical form. 
A quantitative analysis can be conducted in two ways. The first is 
kinetics and second is kinematics. Kinetics is the area of study that 
examines the force acting on a system, such as on the human body, or 
on an object. A kiinetic movement analysis attempts to define the forces 
causing a movement. A kinetic movement analysis is more difficult than 
a kinematic analysis both to comprehend and to evaluate. The forces 
produced during human movement are very important, since they are 
responsible for creating all of our movements and for maintaining 
positions or postures having no movement. The assessment of these 
forces represents the greatest technical challenge in this field, since it 
requires sophisticated equipments and significant expertise. Thus, for 
the novice movement analyst, concepts relating to maximizing or 
minimizing force produced in the body will be more important than 
evaluating the actual forces themselves. Kinetic analyses performed by 
researchers have identified weak and strong positions in various joint 
movements. Kinetics also identifies the important parts of a skill in 
terms of movement production. 
Kinematics is concerned with motion characteristics and 
examines motion from a spatial and temporal perspective without 
reference to the forces causing the motion. A kinematic analysis 
involves the description of movement to determine how fast an object is 
moving, how high it goes, or how far it travels. Thus, position, velocity 
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and acceleration are the components of interest in a kinematic analysis. 
By examining an angular or linear movement kinematically, one can 
identify segments of a movement that require improvement, obtain 
ideas, and technique enhancements from elite performers, or break a 
skill down into identifiable parts. Thus, further helps in understanding 
of human movements. 
Examinations of both the kinematic and kinetic components are 
essential in understanding all the aspects of a movement. It is also 
important to study the kinematic and kinetic relationships, since any 
acceleration of a limb, an object or the human body is the result of a 
force applied at some point, at a particular time, of a given magnitude, 
and for a particular duration. 
Image analysis techniques, including both movie photography and 
videography, provide the opportunity to capture complex movement 
sequences on film or videotape so that a detailed analysis can be 
performed. However, an understanding of sampling frequency relative 
to photography or videography is needed prior to discussing different 
image analysis techniques, as both are sampling processes that record 
information at discrete points in time during a continuous motion. The 
sampling rate needed for an accurate representation of movement must 
be at least twice the value of the highest frequency component contained 
in the movement, although many researchers believe sampling rates of 5 
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to 10 times the maximum frequency component are necessary. 
Excessive sampling either increases the cost when using high-speed 
photography or limits the choice of cameras when using high-speed 
videography. Under-sampling will cause vital movement characteristics 
to be missed, or distortions would arise. At the subjective level of 
analysis, film or video techniques may be use to record movement and 
allow general comments to be made on the observed characteristics. At 
an objective level it is not sufficient to just record and observe 
movement, as detailed measurements must be completed and inferences 
drawn with reference to the movement. Specific equipment and 
procedures must be used if accurate objective data to be collected using 
image analysis techniques. 
In high-speed cinematography, a motor-driven camera capable of 
providing frame rates up to approximately 500 Hz (c.s-1) and exposure 
times up to approximately I/lOOOOs is needed to accommodate 
movement and sport skills of differing speeds. For an analysis of 
jogging, an exposure time of 1/800 s would provide a clear image of the 
leg, while a frame rate of 100 Hz is sufficient to sample leg movement 
at the required frequency. 
The collection of data from film for analytical purposes 
(digitizing) is very time-consuming and tedious aspect of 
cinematographic research. A stop-action projector is needed to control 
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film movement so thai an operator can move an X-Y coordinate system 
until a pointer, pen, light or cross hairs lie over the desired anatomical 
landmark to be digitized. 
The co-ordinates of this point are then stored on a computer. In 
order to locate anatomical landmark to be located, it must be clearly 
marked on the subject being filmed, so that an accurate identification of 
the segment end point or joint centre is possible. These co-ordinate data 
are then smoothed prior to being mathematically manipulated in the 
calculation of kinematic and kinetic data. 
Additional Information other then co-ordinates of the selected 
landmarks are required to get an exact numerical data. A large sweep-
hand clock may be included in the photographic field to establish the 
actual frame rate of the camera. Alternatively, internal camera lights 
that fiash at a set rate may be used to mark the film and allow film 
speed calculation. A spatial scale, such as a large metre rule, must also 
be filmed in the plane of action to convert film scale measures to real 
values. 
This type of scientific analysis may be done at to the several 
levels, ranging from research that has immediate applicability to sports, 
scientist in the laboratory and theses are aided by various technical 
measurement and recording devices, including high-speed cameras, 
motion analyzers, force platform, computers, etc. 
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In motion analysis film or video is recorded, it must be analyzed 
to understand the patterns of movement. This usually entails digitizing 
points of a film or video using special software, or even using tracing 
paper overlaid on a monitor. Video can be captured directly on the 
computer and relevant segment or segmental points can be digitized 
directly using image analysis programs such as MAT, APAS, Simi, 
Motionpro, Protrainer and Measurement in Motion. In the motion 
analysis activity such as, QuickTime movies that are used to digitize 
points, which make up an angle between the leg, ankle and foot, etc. 
Videography is the most common objective data collection techniques 
used in biomechanics because they provide a permanent and visual 
record of performance. 
There are the non-imaging measurement procedures that provide 
valuable biornechanical data for the objective analysis of movement. It 
may be preferable at times to measure some of the kinematics aspects of 
a movement directly, rather than derive the measurements from film or 
videotape in order to calibrate the videographic data. 
Two-Dimensional Analyses 
There are two-different types of video motion analysis i.e. two-
dimensional (2D) and three-dimensional (3D) analysis. Two-
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dimensional analysis is most commonly used method with one camera 
or more and markers on the subject than in complex 3-D analysis. 
Although two-dimensional, have limitations; however, two-dimensional 
method used by sport researchers and biomechanists, and is still used 
today by many research laboratories that utilize motion analysis. 
Two-dimensional analysis method can be used to describe and 
record certain body movements. The 2D analysis method is typically 
used when movement are recorded by photography or described by line 
drawings. For instance, a still or motion picture camera can record a 
movement only in two-dimensions. When a movement is photographed 
in the frontal plane, either a front view or a back view of the body is 
obtained. Likewise, in the sagittal plane a side view is obtained and in 
the transverse plane, either a top view or a bottom view. Since standard 
photographic procedures give only a two-dimensional view. 
Today many researchers are turning to videographic analysis that 
can shoot at a rate of 30 to 10,000 images per second. Some of the 
cameras used for high-speed video that can also be fit to "automatically" 
digitize markers. The time from filming or data collection to data 
analysis has been cut from weeks to days with such innovations. 
However, in today scientific endeavor, even the low speed camera in 30 
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frames per second (fps) can be used along software with much precision 
for motion anal>sis of sports performance. 
Technology and associated science is now assuming a more 
important role in helping athletes to gain a competitive edge. As soccer 
raises its profile day-by-day, as demonstrated by the underdog's 
performance level in world cup event. The advancements involved in 
sports technology and in particular motion analysis have enabled 
research to concentrate in detail on soccer movement, which may not 
have been possible in the past. 
All above-mentioned researches that were conducted at either on 
instep or inside instep kick of one level of player with only few 
kinematic variables. There were no researchers conducted on different 
level players. More over in India until date no researches have been 
conducted in sports biomechanics in any field of sports, especially in 
soccer. In today's computer era, the motion analysis software and 
programming made biomechanical research especially in kinematic 
analysis possible. Therefore, the present study have been proposed to 
examine different level soccer players for the kinematics variables of 
body segment's influences on ball velocity in instep and inside instep 
soccer kicks. 
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statement of the problem 
"A study of linear and angular kinematic analysis of soccer instep and 
inside instep foot kicks of different level players." 
Delimitations 
a. The study was confined to ninety-nine male soccer players (33 
player of high level, 33 player of medium level and 33 player of 
low level). 
b. The high-level players were of national and inter-university level; 
medium level players were state and college level and low-level 
players were district and regional level. 
c. The study was confined to instep and inside instep soccer kicks. 
d. The study was confined to right foot kicker's only. 
e. The study was delimited to two dimensional video motion 
analysis. 
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Limitations 
The following limitations are acknowledged: 
a. The changes in climatic conditions such as air, temperature, 
atmospheric pressure and relative humidity during the testing 
period could not be controlled and their possible influence on 
the results of this study was recognized as limitation. 
b. Proper care has been taken to use the available standard 
equipments. The instruments errors may also be a limitation 
for this study, but consistent calibration has been attempted. 
c. The accuracy of various software used and then ability to 
digitize the kinematic data. 
d. The subjects maximum efforts corresponded with the greatest 
impact on the ball could not be controlled. 
e. Certain factors like daily routine, life style and food habits, 
which would have an effect on the performance of the soccer 
players could not be controlled. 
f. The various tools available in various motion analysis 
software used could not be enhanced and not in our controlled. 
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Hypotheses 
The following null hypotheses were tested at .05 level of significance. 
1) There will be no significant difference between different level 
male soccer player during: 
a) Initial phase of instep kick 
b) Contact phase of instep kick 
c) Follow through phase of instep kick 
2) There will be no significant difference between different level 
male soccer player during: 
a) Initial phase of inside instep kick 
b) Contact phase of inside instep kick 
c) Follow through phase of inside instep kick 
3) There will be no significant difference between displacement at 
various joints of different level players: 
a) Initial to contact phase of instep kick 
b) Contact to follow through phase of instep kick 
4) There will be no significant difference between displacement at 
various joints of different level players: 
a) Initial to contact phase of inside instep kick 
b) Contact to follow through phase of inside-instep kick. 
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5) There will be no significant difference between linear velocities 
at various joints for different level players of instep soccer kick. 
6) There will be no significant difference between linear velocities 
at various joints for different level players of inside instep soccer 
kick. 
7) There will be no significant difference between angular velocity 
at various joints for different level players of instep soccer kick. 
8) There will be no significant difference between angular velocity 
at various joints for different level players of inside-instep soccer 
kick. 
9) There will be no significant difference of ball velocity for 
different level players of instep soccer kick. 
10) There will be no significant difference of ball velocity for 
different level players of inside-instep soccer kick. 
11) There will be no significant mean different of ball velocity for 
instep and inside instep kicks of different levels of player 
independently (High v/s High) (Medium v/s Medium) (Low v/s 
Low). 
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PURPOSE OF STUDY 
Purpose of the present study: 
(a) To describe the kinematics of instep and inside instep soccer 
kicks of different level players. 
(b) To determine those kinematical variables that closely 
related to resultant ball velocity. 
(c) To gain better understanding of mechanics of the inside 
instep and instep kick in soccer. 
(d) To identify the kinematical aspects of instep and inside 
instep soccer kick and to understand its different 
mechanics. 
(e) To assess the effects of soccer kick at different joint. 
To examine the release speed of ball in instep kicking of different 
level players and to relate ball speed to biomechanical differences 
observed during the kicking. Biomechanics research can be said to have 
two main facets within human performance: "basic science" and 
"applied science". In its basic science facets, biomechanics tries to 
understand how the human body functions mechanically in a situation of 
maximum effort. The main objective of the basic science facet of 
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biomechanics is to understand the cause-effect mechanism that make 
some techniques better than others, and uhimately to find the optimum 
technique i.e. vv^ hat sequence of movements would lead to the best 
possible performance. Applied science start with descriptions of the 
optimum technique. The numerical data and graphical information are 
used to describe the strong and weak aspect of each technique, and to 
give recommendations on possible changes that might lead to 
improvements in performance. Videotapes of solid figure computer 
animation that explain the effect of techniques accompany the reports. 
The animation also shows what the technique would look like after the 
implementation of changes to correct the defects. These videotape 
animations to visualize the changes that are needed for techniques to 
improve performance. (Dapena, 2000). 
Definition and explanation of terms 
Biomechanics: Study area where the knowledge and the methods of the 
mechanics are applied to the structure and function of the 
living human system. 
Kinematics: It is the study of motion without any reference to force, i.e. 
time, distance, displacement, velocity and acceleration. 
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Linear kinematics deals with translation or linear movement 
and angular kinematics explains rotatory or angular 
movement. 
Instep kick: A technique of soccer kick in which the dorsal surface of 
the foot strikes the ball. The foot segment is extended upon 
impact and effected in the sagital plane by forceful hip 
flexion and knee extension. 
Inside-Instep kick: A technique of soccer kick in which the medial surface of 
the foot strikes the ball. The foot segment is rotated 
outwardly upon impact and effected in the vertical plane by 
forcefiil hip flexion and knee extension. 
Skill: General pattern of movement that has been adapted to the 
limitations of a particular activity or deports. 
Initial Phase: The start of the kick is defined as swing of the kicking 
leg until the point of hip hyperextension and maximum 
knee flexion. 
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Contact Phase: The contact phase defines as the ball contact with the 
kicking foot or the point of the maximum knee 
extension until the contact with ball. 
Follow through 
Phase: The follow through phase is explained as the point just 
after the ball contact until the kicking leg reach up to 
its maximum height or maximum hip flexion. 
Ball Contact: The first instant of time when the kicking-foot contacts the 
ball. 
Hip Angle: Defined as by anatomical lines of femur and drawing line 
between the shoulder joint to the hip joint. 
Knee Angle: De lined as by anatomical lines of femur and tibia. 
Ankle Angle: De fined as by anatomical lines between the tibia and foot at 
ankle joint. 
Linear Velocity: The rate of change of an object's position in a straight line 
with respect to time is known as linear velocity (m/s). 
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Angular Velocity: The rate of change of angular displacement with respect to 
time is known as angular velocity (deg/s). 
Ball Velocity: The velocity of the ball is defined as the rate of change 
of displacement. 
Displacement: The change in a body's location in space in a given 
direction. 
Longitudinal axis: Imaginary line that runs throughout the length of a body or 
segment. 
Plane of Motion: Imaginary surface created by a moving object. The two-
dimiensional space by a moving body. 
Range Of Motion: ITie total amount of angular displacement through which two 
adjacent segments move. 
Sagital: It n;fers to the plane that divides a body or segment into the 
right and left portions. 
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Frontal: It rt;fers to the plane that divides a body or segment into the 
front and back portions. 
Horizontal: It refers to the plane that divides a body or segment into the 
up and down portions. 
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Significance 
The standard of technique/skill and sports performance is very 
poor of our athletes in comparison to international standard. The lack of 
scientific supports to the correction of technique/skill teaching or 
rectification of movements pattern etc. has lead to flawed movements, 
finally deterioration of the optimum performances. The ball velocity is 
the imperative and prerequisites in the modern soccer at international 
level and mc»st used skill technique (kicks) for the purpose are inside 
instep and instep kicks. The divulged result of this study will be a 
turning factors for the Indian football/ soccer players to finest their 
movement patterns or performances. The study will be of significant in 
the following ways: 
1) This study will assist in an attempt to understand the effect of 
soccer kicking mechanics. 
2) This study will provide a mechanical area of skill movement 
and technique of different level soccer players. 
3) This study will generalize the mechanical aspect kicks (instep 
and inside-instep) of soccer players and ball velocity. 
4) This study will contribute to analyses the perfect skill 
movements, segmental positions and angle of the lower limbs 
to bring about the maximum ball velocity. 
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5) This study will contribute to understand the intricacies involve 
in coming up with best kick performances. 
6) This study will provide to be acquainted with mechanical 
advantages of segmental movement in kicks. 
7) This study will contribute to identify the variation of lower leg 
segment's joint angle and joint displacement in particular to 
the level of player and explicit kick type. 
8) This study will contribute to identify the variation of lower leg 
segment's linear velocity and angular velocity in particular to 
the level of player and explicit kick type. 
9) This study will offer principal variation of lower leg segment 
to the preferred level of player and kick type to optimize the 
ball velocity performances. 
10) This study will offer principal variation in ball velocity 
performances, demanded at the instant of play situation and 
with the type of kick. 
11) This study will offer with wide variation of application of 
these mechanical aspects of lower leg segments or the ball 
velocity performances in virtual circumstance. 
12) This study will provide concept of mechanics of soccer kicks 
to Indian athletes, trainers, physical educators and coaches. 
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13) T\\\i study will provide understanding of mechanical aspect in 
soccer kicks to athletes, trainers, physical educators and 
coaches to exploit for the maximum advantages to boost 
kicking performance. 
14) This study will provide well-defined mechanical aspect of 
segmental maneuvers to soccer kick performance for ball 
velocity to athletes, trainers, physical educators and coaches, 
and will be able to extract the flaws in technique/skill or ball 
velocity performance. 
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REVIEW OF RELATED LITERATURE 
Andersen et al., (2002) have examined biomechanical 
differences in soccer kiclcing with the preferred and the non-preferred 
leg. Seven skilled soccer players performed maximal speed place kicks 
with the preferred and the nonpreferred leg; their movements were 
filmed at 400 Hz. The inter-segmental kinematics and kinetics were 
derived. A coefficient of restitution between the foot and the ball was 
calculated and rate of force development in the hip fiexors and the 
knee extensors were measured using a Kin-Com dynamometer. Higher 
ball speeds were achieved with the oreferred lee as a result of the 
hieher foot soeed and coefficient of restitution at the time of imoact 
comoared with the non-oreferred lee. These higher foot soeeds were 
caused bv a Greater amount of work on the shank orisinatine from, the 
ansular velocitv of the thisih. No differences were found in muscle 
m.om.ents or rate of force develoDment. We conclude that the difference 
in niaximal ba!! sceed between the oreferred and the non-oreferred les 
is caused bv a better inter-seomenta! motion oattern and a transfer of 
velocitv from the foot to the ball v-hen kickinn with the oreferred lesi. 
Andersen and Sorensen (2002) have studied on effect of oelvic 
motion on soccer kickins oerformance. A two-dimensional forward 
simulation model of one leg was constructed using. The model 
consisted of four rigid segments (pelvis, thigh, shank, and foot) 
connected by three joints (ankle, knee and hip) with eight muscle 
groups (soleus, gastrocnemius, tibialis anterior, vastii, hamstrings, 
rectus femoris, iliacus and gluteii). Furthermore, a ball was modelled 
at the beginning of modelled as a damped spring according to results 
from the simulated motion, laboratory experiment. The results showed 
that (1) kinematically forcing only rotation of pelvis increased ball 
velocity by 5%, (2) kinematically forcing pelvic translation increased 
ball velocity by 38%. (3) A combination of rotation and translation 
yielded a 42% increase, (4). The increases where calculated after the 
horizontal velocity of the pelvis had been subtracted. Based on the 
results, it was concluded that there was a slight improvement caused 
by more optimal working conditions for the hip flexors. A more 
pronounced improvement was caused by the pelvic translation which 
facilitated energy transfer to the shank. 
Arpinar et al., (2007) have studied consistency of the lower limb 
acceleration patterns during inside and instep soccer kicks. This study 
was to examine the consistency of the lower limb acceleration patterns 
of these two soccer kicks. Thirteen male soccer players (between 15-16 
years old) performed 4 trials for each type of kick. Acceleration data 
were collected by tri-axial accelerometers fixed on subjects' knee and 
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ankle. The RMS SE) (precision error) of the 4 trials was calculated for 
3 axes. There were no difference among acceleration curves among 
trials, the RMS SD would yield a value of 0, corresponds highest 
repeatability. Comparisons were made between the two kicks using 
Student t-tests. Differences in the RMS SD values of acceleration 
waveforms measured at knee were statistically significant for all axes 
between inside and instep kicks, whereas it was only significant for x-
and y-axis at ankle (p<0.05). Correlation coefficient between RMS SD 
values at knee and ankle in the relevant limb was higher for instep 
kick. The findings of this study revealed that the inside kick with 
smaller precision error have higher consistency considering the 
acceleration patterns of the lower limb. Since the waveform 
demonstrates different acceleration-deceleration patterns for segments, 
it might also be used to evaluate consistency in proximo-distal 
sequence between different types of kick. 
Barbieri et al., (2005) have studied on kinematic pattern of the 
dominant and non-dominant inferior segments during the instep kick 
with maximum forces and the ball in stationary position. Seven male 
skillful participants were analyzed with acts between 13 and 14 years. 
Each participant accomplished five kicks with each member, the 10 mt. 
goal (free shot) and with the objective of kick of 1 x 1 mt. They were 
filmed with four cameras and were with passive markers placed in the 
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articulations of interest of the inferior members. After the filming of 
the kicks the images were loaded on the computer, measurement, 
calibration and three dimensional reconstructions by the software 
DVIDEOW. The extracted files of this program were smoothed 
through stereographical the LOESS function and accomplishment the 
projection visualized. After that, medium bends was calculated 
(cinematic pattern) for be each dominant and non-dominant segment of 
the support. The performance, the success and mistake of the kicks 
were analyzed in. the objective. The results presented to better 
performance with the dominant to member (28.5% of successes in the 
objective) than with the member of non-dominant (5.7% of successes 
in the objective). Visual with the analysis of the movement among the 
dominant and non-dominant segments, the leg and foot of dominant 
and non-dommani segments presented similar kinematic pattern, 
presenting differences in the thigh. It was concluded that the kinematic 
pattern of the dominant and non-dominant support to member. The 
main differences were found in the thigh. Besides, the dominant to 
member has better performance than to the member of non-dominant. 
Barfield et al., (2002) have studied kinematic instep kicking 
differences between elite female and male soccer players. This study 
was to examine kinematic instep kicking differences between elite 
female and male soccer players in dominant and nondominant limbs. 
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Eight elite soccer players, six females and two males, volunteered as 
subjects in the study. Subjects took a two-step angled approach of 45-
60 degrees to a stationary soccer ball positioned between two force 
platforms and kicked the ball with the instep portion of the foot as hard 
as possible into netting which was draped from the ceiling. Ball 
velocity was the dependent variable. Study evaluated six additional 
variables that have previously been shown to be important predictors 
of instep kicking ball speed. The males generally kicked the ball faster 
than the females and displayed greater kinematic variables, including 
maximum toe velocity, ball contact, ball velocity, mean toe velocity, 
mean toe acceleration, and ankle velocity at ball contact, all of which 
contributed to faster ball speed. There was one exception, one of the 
elite females kicked faster than the two elite males and demonstrated 
higher or similar kinematic patterns when compared with the males. 
Study conclusions were that females do not instep kick the ball as fast 
as males, but there were exceptions. 
Barfield (1993) has studied effect of selected biomechanical 
variables on coordinated human movement: Instep kicking with 
dominant and non-dominant feet. In this study, there exists a 
relationship between the velocity of ball and the kinematic variables of 
the dominant side of the kicking limb. The kinematic variables that 
were correlated have maximum linear velocities of toe (M= 21.50 m/s), 
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knee (M- 10.05 m/s) and linear velocities of toe (M= 19.17 m/s) and 
ankle (M= 15.->0 m/s) and angular velocity of knee (M= -1599.03 
deg/s) at ball contact. Further it was reported that at ball contact the 
linear velocity of the toe and the angular velocity of knee attained 
maximum for dominant leg. The released velocity of the ball was also 
correlated significantly to body anthropometrics (weight, r==^ 0.928; 
height, r=0.911; age, r=0.932) and also, it was highly correlated to the 
maximal moments produced during hip flexion (r=0.932), knee 
extension {r=0.937) and ankle stabilization (r=0.935) in the kicking 
limb. 
Capranica et al., (1992) have studied force and power of 
preferred and non-preferred leg in young soccer players. The study was 
conducted to assess the effects of soccer training on strength and 
power of leg extensor muscles in preadolescent boys and their possible 
influence in developing a muscular lateral dominance. Twenty male 
children (mean age 9.6 year), ten soccer players and ten untrained 
subjects, participated in this study. Force and power were measured at 
five constant cranking velocities on an isokinetic bicycle 
dynamometer. E',ach isokinetic load was given after each trail. Force 
and power output were calculated for each limb. Soccer players always 
showed higher and statistically significant differences (p<0.05) for 
force and power values for all considered pedal frequencies. No 
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significant differences were observed for the force and power values 
between preferred and non preferred limb. The result demonstrates the 
effect of soccer training on the increase of force and power legs 
regardless o'^ lateral dominance. 
Couto (2006) has studied the dynamics and kinematics of a 
soccer ball in a computer. In this study author analyzed, numerically, 
the three-dimensional motion of a soccer ball under real conditions, 
taking into account the effect of the atmosphere by including both the 
magnus force and the air drag. Study presents an interactive simulation 
that solves the ball equations of motion, where a number of relevant 
variables were controlled. Within study simulation it was easy to show 
why the trajectory was more or less curvilinear as well as the effect of 
the magnus force on the range of the ball. By controlling the relevant 
variables author has induced interaction with students by opposing 
their expectations on a given real physical situation and the 
"experimental" result given by the computer. The simulation was 
suitable for students of different ages. 
Daisuke et al.. (1999) have studied 3D motion analysis of the 
basic technique in soccer. Comparison of curve kick with instep kick. 
This study was to clarify the characteristics of the infront curve kick 
(IFK), the out-front curve kick (OFK) and the instep straight kick 
(ISK) by a 3D motion capture system (vicon370). The motion analysis 
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of instep kick has been studied by several investigators. However, 
there were few studies of curve kick in soccer. The results have been 
summarized as follows: 1) The direction of back swing was different 
between ISK and the curve kick. 2) The angles of knee joint and ankle 
joint were different between the three kick types at impact. (The knee 
angle of ISK was 119^ that of IFK was 141^ and that of OFK was 98*^ . 
The ankle angle of ISK was 113^ that of IFK was 117°, and that of 
OFK was 90". 3) The vertical motion range of follow through swing in 
the curve kicks were wider than the instep straight kick. 
Emre et al., (2007) have studied photogrammetric analysis of 
penalty kick in soccer. Penalty kick has always been the most exciting 
moment of the soccer game. A perfect technique should be executed in 
order to put the ball in the goal. Thus, the aim of this study was to 
investigate the kinetic and kinematic features of the penalty kicking 
technique of professional soccer players. Five professional soccer 
players participated in this study. Markers were placed on the thigh, 
knee and the ankle of the players. Each player executed 10 instep 
penalty kicks to the targets. Each kick was recorded on two digital 
cameras with 60 fps. The cameras were placed approximately 90 
degree to each other. Photogrammetric analyses of the pictures were 
done by Pictra Software. The results revealed that for a successful 
penalty kick a perfect kinetic chain was needed. The analysis showed 
38 
that players flexed their knees approximately 60^ and laterally rotated 
their ankles approximately 70° and a follow through were executed by 
the players. In conclusion, in order to execute a perfect penalty kick, 
body segments should be in a perfect coordination. Players should be 
aware of their body segments. 
Harrison and Mannering (2006) have studied on a biomechanical 
analysis of the instep kick in soccer with preferred and non-preferred 
foot. Using tv/o gen-locked cameras, SHVS video data were obtained 
for seven players completing eight maximal effort instep kicks at a 
target with both feet. 3D kinematic analysis was carried out using Peak 
Motus to obtain joint angles of the standing and kicking legs and the 
frontal plane pelvic tilt angle. The results showed that when kicking 
with the preferred limb, the player's standing foot was closer to the 
ball and they used a larger frontal plane pelvic tilt angle and greater 
knee extension of the kicking leg at ball impact. There was greater 
variability in the kicking leg knee angle and this was consistent with 
Dynamical Systems Theory. 
Isokawa and Lees (1988) have studied a biomechanical analysis 
of the instep kick motion in soccer. The study showed that peak ball 
velocity was greatest at an approach angle of 45 degree, although peak 
ankle velocity was greatest at 30 degree approach angle. Peak velocity 
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at the hip was greatest at 15 degree approached angle, and peak knee 
velocity was greatest with the straight approach (0 degree per second). 
The authors attributed these notable differences to increase striking 
mass and greater knee and ankle fixation at the 45 degree approach 
angle. In the straight ahead approached, there was limited rotation of 
the leg about the vertical axis through the body. As the approach angle 
increases, however, the leg must rotate about a vertical axis to kick the 
ball straight. At an angle of 45 to 60 degrees the active torque created 
by swing limb completely balance the resistance torque generated by 
body motion. When the approach engine was greater than 60 degree, 
the active torque applied to the leg creates a needed new torque and 
therefore should be considered when assessing methods for sound 
technique development and prevention of injuries. 
Johannes et al., (2002) have studied the relationship of the 
kicking action in soccer and anterior ankle impingement syndrome: A 
biomechanical analysis. The study investigated how frequently 
hyperplantar flexion occurs during kicking and whether the site of 
impact of the ball coincides with the reported location of the 
osteophytes, also measured the magnitude of the impact force. The 150 
kicking actions performed by 15 elite soccer players by using mobile 
sensors and high-speed video. In 39% of the kicking actions, the 
plantar flexion angle exceeded the maximum static plantar flexion 
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angle. Ball impact was predominantly made with the anteromedial 
aspect of the foot and ankle, with impact between the ball and the base 
of the first metatarsal bone in 89% of the kicking actions and between 
the ball and the anterior part of the medial malleolus in 76%. 
Postimpact ball velocity averaged 24.6 m/s, with a corresponding 
average contact force of 1025 N. Hyperplantar flexion was reached 
only in the minority of the kicking actions. The data on impact location 
and impact force support the hypothesis that spur formation in anterior 
ankle impingement syndrome was related to recurrent ball impact, 
which was regarded as repetitive microtrauma to the anteromedial 
aspect of the ankle. 
Kawamoto et al., (2007) have studied Kinetic comparison of a 
side-foot soccer kick between experienced and inexperienced players. 
This study was conducted to identify critical kinetic variables that lead 
to increased ball velocity during a side-foot passing kick in soccer. 
Seven experienced male soccer players and eight inexperienced players 
participated in the experiment. They were instructed to perform side-
foot kicks along the ground with maximum effort with an eye on the 
target line. The joint angles, angular velocities, and torques of the 
kicking leg were determined based on the three-dimensional 
kinematics data. The mean ball speed of the experienced group (21.4 
+/-1.5m/s) was significantly faster than that of the inexperienced group 
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(16.0 +/- l.Om/s; P < 0.001). The motions of the inexperienced players 
tended to be less dynamic than those of the experienced players. The 
most noticeable difference in the kinetics of the kick was found in the 
hip flexion torque throughout the back-swing phase until the leg-
cocking phase. The mean peak value of the experienced group (168 +/-
20 N x or m) was significantly greater than that of the inexperienced 
group (94 +/- 17 N x or m; P < 0.001). To increase ball speed during a 
side-foot passing kick, the generation of hip-flexion torque during the 
earlier stage of kicking was critical. 
Kellis and Katis (2007) have studied biomechanical 
characteristics and determinants of instep soccer kick. This study was 
to examine latest research findings on biomechanics of soccer kick 
performance and to identify weaknesses of present research which 
deserve further attention in the future. Being a multiarticular 
movement, soccer kick was characterised by a proximal-to-distal 
motion of the lower limb segments of the kicking leg. Good kicking 
technique was an important aspect of a soccer player. Angular velocity 
was maximized first by the thigh, then by the shank and finally by the 
foot. This was accomplished by segmental and joint movements in 
multiple planes. During backswing, the thigh decelerates mainly due to 
a motion-dependent movement from the shank and to a lesser extent, 
by activation of hip muscles. In turn, forward acceleration of the shank 
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was accomplisbed through knee extensor moment as well as a motion-
dependent moment from the thigh. The final speed, path and spin of 
the ball largely depend on the quality of foot-ball contact. Powerful 
kicks were achieved through a high foot velocity and coefficient of 
restitution. Preliminary data indicated that accurate kicks were 
achieved through slower kicking motion and ball speed values. 
Therefore, understanding the biomechanics of soccer kicking was 
particularly important for guiding and monitoring the training process. 
Kellis et al., (2004) have studied knee biomechanics of the 
support leg in soccer kicks from three angles of approach. The study 
was examines the knee joint kinematics, electromyographic (EMG) 
activity patterns and ground reaction forces (GRF) during an instep 
soccer kick from three different approaches relative to the ball. Ten 
male soccer players performed maximum kicks from 0 rad (KO), 0.81 
rad (K45) and 1.62 rad (K90) angle between the players, starting 
position and the position of the ball. GRF data and 3-D kinematics and 
EMG activity of the vastus medialis (VM), vastus lateralis (VL), and 
biceps femoris (BF) muscles of the lower leg were recorded. The 
results showed compared with KO, K90, and K45 demonstrated higher 
medial and posterior GRF and lower anterior GRF. K90 and K45 also 
demonstrated higher external rotation displacement, maximum flexion, 
internal rotation, abduction, and adduction velocity of the tibia relative 
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to the femur of the support leg compared with KO (P > 0.01). The BF 
EMG before and immediately after ground contact was also higher in 
K90 and K45 compared with KO (P > 0.01). Soccer kicks using a high 
angle of approach increase the medial and posterior GRF, which was 
indicative of an altered stance during the kick, resulting in an altered 
balance. Such kicks were accompanied by significant alterations in 
knee joint kinematics and an increased BF activation around ground 
contact. Soccer kicks from an angled approach may induce significant 
loads to knee joint structures of the support leg. 
Kerwin and Bray (2003) have studied on modelling the flight of 
a soccer ball in a direct free kick. The study involved a theoretical and 
an experimental investigation of the direct free kick in soccer. The aim 
of study was to develop a mathematical model of the ball's flight 
incorporating aerodynamic lift and drag forces. Trajectories derived 
from the model have been compared with video analysis that was 
obtained from experimental kicks. The drag coefficient varied from 
0.25 to 0.30 and the lift coefficient from 0.23 to 0.29. These values 
used with a simple model of a defensive wall. The results reveal how 
carefully attackers must engineer the dynamics of a successful kick. 
For a central free kick some 18.3 m (20 yards) from goal with a 
conventional wall, and initial speed of 25 m[s.sup.-l], the ball's initial 
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elevation must be constrained between 16.5[degrees] and 17.5[degrees] 
and the ball kicked with almost perfect sidespin. 
Kevin (2007) has studied the use of weighted balls in improving 
kicking for distance. The study was conducted to examine the effect of 
maximal distance kicking training using regulation and weighted balls 
on maximum kick distance. Twenty-eight elite Australian rules 
footballers were divided into three groups. Group one used regulation 
balls. Group two used regulation and weighted balls (soaked in water 
to increase from 450 to 500 g), and Group three was the control. All 
were tested for maximum kick distance before and after the 4 week (10 
sessions) intervention. Groups and changes were compared by 
ANOVA. There was no difference in kick distance in pre-testing 
between groups. In post-testing, both Group one and Group two 
produced significantly longer kick distances than the control group. As 
well, both group one and group two significantly increased distances 
from the pre-test to the post-test. Specific kicking for distance 
improved maximal kick distance in an elite group. The use of 
regulation balls only or regulation and weighted balls both increased 
distance. There was no statistical difference between methods, 
although the weighted ball group improved 0.8m more, A longer 
intervention might show a significant result. Specific kick distance 
training was recommended to increase distance. 
45 
Kevin (2007) has studied foot-ball interaction in kicking in 
Australian Rules football. The study was to provide basic information 
on contact tinries, the distance the ball moves and change in shank 
angle during ball contact. The second aim was to see if differences 
existed for these parameters for short and long kicks. The third aim 
was to determine if work was done on the ARF ball during kicking. 
Eight elite level ARF players kicked an ARF ball over 30m and 50m. 
High speed video focused on the foot and lower leg and was used to 
calculate contact time between foot and ball. Digitised data was used 
to calculate the distance the ball moved, shank angle and ball velocity. 
T-tests compared 30m and 50m kicks. For 30m and 50m kicks mean 
contact times were 9.8 to 10ms, mean ball distances were 0.19 and 
0.24m, and mean change in shank angles were 14 and 18 degrees 
respectively. 50m kicks were significantly larger for change in shank 
angle, larger ball distances (small effect, p=0.06 only) and 
significantly larger change in ball velocity. No difference existed for 
contact times. Mean contact time and distance the ball moved lay 
between soccer values. Work was done on the ball during the ARF kick 
(approx 270J) so using momentum equations was inappropriate. 
Change in shank angle and distance the ball moves during contact 
means muscular force were applied and has implications for 
conditioning. 
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Kevin (2008) have studied biomechanical considerations of 
distance kicking in Australian Rules football. Twenty-eight elite 
players kicked for distance while being vedioed at 500Hz. Two-
dimensional digitized data of nine body landmarks and the foot ball 
were used to calculate kinematics parameters from kicking foot toe-off 
to the instant before ball contact. Longer kick distance were associated 
with greater foot speeds and shank angular velocities at ball contact, 
large last step length and greater distance from the ground when ball 
contact occurred. Foot speed, shank angular velocity, and ball position 
relative to the support foot at ball contact were included in the best 
regression predicting distance. A continuum of technique was evident 
among the kickers. At one end, kickers displayed relatively larger knee 
angular velocities and smaller thigh angular velocities at ball contact. 
At the other end,, kickers produced relatively larger thigh angular 
velocities and smaller knee angular velocities at ball contact. To 
increase kicking distance, increasing foot speed and shank angular 
velocity at ball contact, increasing the last step length and optimizing 
ball position relative to the ground and support foot were 
recommended. 
Lees et al., (2007) have studied on influence of Cardan sequence 
on 3D joint angles during the maximal soccer in-step kick. The 
purpose of study was to explore the influence of the six Cardan 
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rotation sequences on the orientation angles of the ankle, knee, and hip 
of the support leg during a typical dynamic sports movement, typified 
by a maximal instep kick in soccer. A total of 10 skilled soccer players 
participated in this investigation (mean+s, age 23.4+2.5 years; mass 
71.2+6.8 kg; height 178.1+4.8 cm). The 3D position of a series of 
markers placed on the lower body were recorded at 240 Hz using an 8 
camera opto-electronic motion capture system and then tracked 
(Proreflex, Qualysis, Gothenburg, Sweden). A total of 10 successful 
trials were collected and analysed. A 3D motion analysis package 
(Visua]3D, C Motion, Rockville, USA) was used to compute joint 
kinematics and kinetics based on a 6 degrees of freedom model. The Z 
axis represented internal/external rotation, Y ab/adduction, and X 
flexion-extension. Joint angles were computed relative to the proximal 
segment using an X-Y-Z (flexion, abduction, rotation) Cardan 
sequence and again using Y-Z-X, Z-X-Y, X-Z-Y, Y-X-Z, and Z-Y-X 
rotation sequences. It was found that there were major deviations in 
orientation angles as a function of the Cardan sequence used. The 
flexion-extension angles were robust for all Cardan sequences except 
the Y-X-Z rotation, and so this sequence would not be suitable for use. 
Deviations appeared in all of the Y and Z orientations as a function of 
rotation sequence, with some being offset while others varying as a 
function of kick progression. As there was no gold standard for 
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judging the best Cardan sequence, and as 3D studies in the literature 
most commonly use the X-Y-Z sequence, it is proposed that this 
sequenced be used as a de facto standard for future studies. 
Levanon and Jesus (1998) have studied the comparison of the 
kinematics of the full-instep and pass kicks in soccer. The study was to 
gain a better understanding of the mechanics of the inside-of-the-foot 
passing shot used in soccer ("pass kick"). The motions of the pass kick 
were compared with those of the full-instep kick ("full kick"). The 
study followed an inverse dynamics approach, using three-dimensional 
cinematographic techniques. At impact, the pelvis and the thigh-shank 
plane pointed more toward the right in the pass kick; the shank-foot 
plane also pointed further outward relative to the thigh-shank plane. 
Knee extension accounted for most of the speed of the foot in both 
kicks (86% in the full kick; 67% in the pass kick). In the pass kick, 
pelvis tilt toward the right and hip adduction contributed to a medial 
component of foot velocity (8.4 ms-1) normal to the thigh-shank plane, 
which made the resultant foot velocity vector more oblique to the 
plane than in the full kick. This facilitated ball impact with the medial 
aspect of the foot. The slower ball speed in the pass kick was because 
of a slower foot speed (18.3 ms-1 vs 21.6 ms-1). Limitations in the 
maximum medial velocity that can be generated may force players to 
restrain the within-plane (and therefore also the resultant) velocity of 
49 
the foot to be able 1:0 impact the ball squarely with the medial aspect of 
the foot. To impact the ball with the medial aspect of the foot in the 
pass kick, the player orients the pelvis, the right leg, and the foot more 
toward the right and introduces a medial component of foot velocity. 
However, most of the speed of the foot was still generated through 
knee extension. 
Levanon et al., (1995) have studied on three-dimensional 
kinematic and kinetic analysis of two common kicking techniques in 
soccer. Three-dimensional cinematography and inverse dynamics were 
employed to analyze the full-instep kick (FK) and the pass kick (PK) 
executed by 6 college varsity soccer players. In FK, the rotations of 
the leg segments occurred primaril> within the thigh-shank plane 
(TSP). In PK leg motions occurred both within TSP and in the medial 
direction, normal to TSP. Flexion/extension rotation at the knee 
accounted for most of the speed of the foot at impact in both kicks. 
The speed of the foot immediately before impact and of the ball 
following impact v/ere larger in FK. A clear positive relationship was 
found between the speed of the foot before impact and of the ball 
following impact. The flexion/extension torques at the hip and knee 
joints exhibited a similar pattern in both kicks, with maximum hip 
flexion and knee extension values in the middle part of the motion. A 
torque exerted by the thigh on the shank at the knee was found in both 
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kicks, but in PK it was quite large. Repetitive use of PK could lead to 
injury. 
Manolopoulos et al., (2006) have studied effects of combined 
strength and kick coordination training on soccer kick biomechanics in 
amateur players. Ten amateur soccer players (aged 19.9±0.4 years, 
body mass 74.8±9.1kg, height 177.4±6.7cm) constituted the 
experimental group (EG) whereas 10 players (age 21.6±1.3 years, 
weight 71.5±6.7kg, height 175.2±3.4cm) served as controls (CG). The 
EG followed a 10-week soccer-specific training program combining 
strength and technique exercises. All participants performed an instep 
soccer kick using a two-step approach while three-dimensional data 
and EMG from six muscles of swinging and support legs were recorded 
prior to and after training. Maximum isometric leg press strength, lOmt 
sprint performance and maximum speed performance on a bicycle 
ergometer were also measured and result was found that the EG 
improved significantly (P<0.05) maximum ball speed, the linear 
velocity of the foot, ankle and angular velocity of all joints during the 
final phase of the kick. Training had insignificant effects on EMG 
values, apart from an increase in the averaged EMG of the vastus 
medialis, whereas maximum isometric strength and sprint times 
significantly improved after training (P<0.05). The results suggested 
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that the application of the training programs using soccer-specific 
strength exercises would be particularly effective in improving of 
soccer kick performance. 
McLean and Tumilty (1993) have studied left-right asymmetry 
in two types of soccer kick. The study investigated the characteristics 
of asymmetry in two types of soccer kick. A low drive and a chip from 
both the left and right foot of 12 elite junior soccer players were 
analysed. Kick velocity, kick accuracy, position of the plant foot from 
the ball centre., and time from foot plant to ball contact were measured 
for each kick. Knee extension and flexion strength were also 
determined for each leg. Chi^ analysis was used to compare accuracy 
between shots and between sides, and a paired student's t-test was used 
to compare strength parameters between sides. Pearson's product 
moment correlation analysis was used to examine the relationship 
between velocity and both leg strength and the time from foot to ball 
contact. The result showed that the group had strength dominance at all 
speeds tested on the right side and better drive kick performance with 
their right leg as determined by mean (sd) velocity 79 (6) versus 66(8) 
km-1 and accuracy (66.6% versus 33.3%). There were no differences 
in these parameters between sides for chip kicks. 
Mofrad and Moghadam (2006) have studied on a new 
biomechanical approach to side-foot soccer shot's characteristics 
52 
determination. The study considers the biomechanical factors that were 
relevant to succeed in the kicking of a ball into three points; A, B, and 
C pre-selected in the area of gate. Sixteen amateur of top university 
players participated in the study. Two cameras at 30 Hz were used in 
sagital and frontal planes. The recorded data were processed through 
computer with Ulead Video Studio and AutoCad softwares. The time 
of flight, time of ball contact with kicking foot, the angle of volley, 
ball velocity, and the angle of knee flexion were achieved. Then by 
biomechanical formulae, ball speed, launch angle, range, force exerted 
to ball, and finally the torques applied to leg joints; ankle, knee, and 
hip were obtained. The ball speed, launch angle, and the ball range 
were theoretically estimated and then verified with the mentioned 
method. 
Nunome et al., (2007) have studied an alternative feature of 
impact phase kinematics of instep kicking in football. The study was to 
describe the more representative kinematics of kicking motion through 
ball impact phase by exploring the influence of both sampling rate and 
smoothing procedures. Nine male footballers performed maximal 
instep kicking The lower limb motion was three-dimensionally 
captured at 1000 Hz. The displacements were smoothed by a new time-
frequency filtering (TFF). Also the co-ordinates were re-sampled (250 
Hz) and smoothed by Butterworth digital filter using a 10 Hz cut-off 
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(RSF) to resemble typical sampling and processing conditions used in 
the literature. Tbe shank angular velocity was found to be increased 
during the final phase of kicking (TFF). Meanwhile, a totally different 
curve (apparent decrease in the shank angular velocity before ball 
impact) was created when the conventional filtering at 10 Hz cut-off 
was applied on the re-sampled co-ordinates (RSF). This nature has 
been consistently observed in the most of previous studies. However, 
in literature no evidence was shown to support this type of instruction 
from a biomechanical point of view. The present study was the first to 
strongly support the above practical advice of kicking by clearly 
illustrating the true kinematics of the shank during kicking. 
Nunome et al., (2006) have studied on impact phase kinematics 
of instep kicking in soccer. This study was designed to capture the 
lower limb kinematics before, during and after ball impact of soccer 
kicking by examining the influence of both sampling rate and 
smoothing procedures. Nine male soccer players performed maximal 
instep kicks and the three-dimensional leg movements were captured at 
1000 Hz. Angular and linear velocities and accelerations were 
determined using four different processing approaches: processed 
using a modified version of a time-frequency filtering algorithm 
(WGN), smoothed by a second-order low-pass Butterworth filter at 200 
Hz cut-off (BWF), re-sampled at 250 Hz without smoothing (RSR) and 
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re-sampled at 250 Hz but filtered by the same Butterworth filter at 10 
Hz cut-off (RSF). The WGN approach appeared to establish 
representative kinematics, whereas the other procedures failed to 
remove noisy oscillation from the baseline of signal (BWF), lost the 
peaks of rapid changes (RSR) or produced totally distorted movement 
patterns (RSF). The results have indicated that the procedures used by 
some previous studies may have been insufficient to adequately 
capture the lower limb motion near ball impact. The study has 
proposed a new time-frequency filtering technique as a better way to 
smooth data whose frequency content varies dramatically. 
Nunome et al., (2006) have studied segmental dynamics of 
soccer instep kicking with the preferred and non-preferred leg. The 
study was conducted to detailed time-series of the resultant joint 
moments and segmental interactions during soccer instep kicking were 
compared between the preferred and non-preferred kicking leg. The 
kicking motions of both legs were captured for five highly skilled 
players using a three-dimensional cinematographic technique at 200 
Hz. The resultant joint moment (muscle moment) and moment due to 
segmental interactions (interaction moment) were computed using a 
two-link kinetic chain model composed of the thigh and lower leg 
(including shank and foot). The mechanical functioning of the muscle 
and interaction moments during kicking were clearly illustrated. 
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Significantly greater ball velocity (32.1 vs. 27.1 m[s.sup.-l]), shank 
angular velocity (39.4 vs. 31.8 rad [s.sup.-l]) and final foot velocity 
(22.7 vs. 19.6 nri [s.sup.-l]) were observed for the preferred leg. The 
preferred leg showed a significantly greater knee muscle moment 
(129.9 N. m) than the non-preferred leg (93.5 N.m), while no 
substantial differences were found for the interaction moment between 
the two legs (79.3 vs. 55.7 N. m). These results indicated that the 
highly skilled soccer players achieve a well-coordinated inter-
segmental motion for both the preferred and non-preferred leg. The 
faster leg swing observed for the preferred leg was most likely the 
result of the larger muscle moment. 
Nunome and Ikegami (2006) have studied on kinematics of 
soccer instep kicking: a comparison of two-dimensional and three-
dimensional analysis. The influence of two and three-dimensional 
filming procedures on the calculation of soccer instep kicking 
kinematics was examined in this study. The knee angular velocity 
calculated three-dimensionally was compared with the data obtained 
from the following two procedures. 1. The angular velocity vector was 
computed as a perpendicular component to the sagittal plane (2D 
projection); 2. The angular velocity was computed only from the two-
dimensional coordinates (2D standard). A distorted changing pattern 
was produced by the 2D standard approach which was most likely 
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caused by computing segmental angular velocities from quasi-planar 
projection. It was suggested that researchers treat with caution any 
comparisons in the literature between three-dimensional angular 
kinematics and those computed two-dimensionally. 
Nunome at el., (2004) have studied kinetic comparison of instep 
soccer kick between preferred and non-preferred leg in highly skilled 
players. The kinetic differences of soccer instep kicking between the 
preferred and non-preferred leg were examined. The kicking motions 
of both legs were captured for five highly skilled players using a three-
dimensional cinematographic technique at 200 Hz. The moments due 
to muscle force and segmental interactions were computed. 
Significantly greater ball velocity and shank angular velocity were 
achieved in the preferred leg. The preferred leg showed a significantly 
greater muscle moment than that of the non-preferred leg. No marked 
differences were found for the interactive moment between both legs. 
The results indicate that the highly skilled soccer players were able to 
produce a well coordinated inter-segmental motion not only for the 
preferred leg but also for the non-preferred leg. The faster leg swing 
observed for the preferred leg was most likely a result of the larger 
muscle moment. 
Nunome, et al., (2002) have studied three-dimensional kinetic 
analysis of side-foot and instep soccer kicks. This study was to 
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identify the kinetic aspects of side-foot and instep soccer kicks to 
understand the different mechanics underlying the two kicks. The 
motions of both kicks were captured using a three-dimensional 
cinematographic technique. The kicking leg was modelled as a three-
link kinetic chain composed of thigh, shank, and foot, from which joint 
torques and angular velocities were computed. Results revealed that 
the ball velocity of the side-foot kick (23.4_1.7 m-s_l) was 
significantly slower than that of the instep kick (28.02.1 m s l ) . 
Significant differences were also observed between the two kicks for 
the magnitude of hip external rotation torque (5612 Nm in the side-
foot kick; 33 _ 8 Nm in the instep kick) and hip external rotation 
angular velocity (11.12.4 r a d s l in the side-foot kick; 6.02.0 
r a d s l in the instep kick). These results indicated that to hit the ball 
with the medial side of the foot, a complicated series of rotational 
motions were required for the side-foot kick. The hip external rotation 
torque dominantly exhibited in the side-foot kick caused the clockwise 
rotation of the thigh-shank plane at the later stage of kicking. This has 
allowed the hip external rotation motion to increase directly the 
forward velocity of the side foot, with which players would squarely 
impact the ball. 
Opavsky (1988) has studied an investigation of linear and 
angular kinematics of the leg during two types of soccer kick. The 
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study conducted with six subjects, to investigate the linear and angular 
kinematics characteristics of standing and running kicks with the foot 
making contact with the ball on its dorsal surface. The running kick 
produced greater linear and angular velocities in the leg. However, the 
standing kick generated higher acceleration suggesting greater 
muscular efforts were being applied. Angular foot velocities in both 
kicks have reached in excess of 20 rad/s. The ball velocity for standing 
approach kick was recorded 23.48 m/s and for running approach kick it 
was found to be 30,78 m/s. 
Orloff, et al. (2008) have studied on ground reaction force and 
kinematics of plant leg position during instep kicking in male and 
female collegiate soccer players. Twenty-three soccer players (11 male 
12 female) were filmed in both the sagittal and posterior views while 
performing a maximal instep kick. Plant leg kinetic data were also 
collected using an AMTI 1000 force platform. There were no 
significant differences between the sexes in plant leg position, but 
female had significantly grater trunk lean, plant leg angle, and medial 
lateral ground reaction force than the male. Male showed higher 
vertical ground reaction force at ball contact, but there were no 
significance differences in ball speed at take off between the sexes. 
Ball speeds at take off were inversely related to peak anterior posterior 
ground reaction force (-.65). The anatomical differences between the 
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sexes were reilected in greater trunk lean and lower leg angle in the 
female. 
Orloff, et al., (2007) have studied on comparison between 
ground reaction force patterns and angular approach and ball velocities 
for in-step kicking. The purpose of this study was to determine if 
patterns in vertical ground reaction forces resulted in differences in 
hip, knee and trunk angular velocity and efficiency of the open kinetic 
chain. 20 subjects performed a maximal in-step kick while ground 
reaction forces of the plant leg, as well as angular approach and ball 
velocities were recorded. Although approach and ball velocity were 
unchanged betv^een groups, the decreasing vertical force group had 
significantly higher initial peak vertical ground reaction forces and 
angular hip velocities than subjects with a double vertical peak pattern. 
There was a significant relationship between approach velocity and 
ball velocity, as well as a negative relationship between posterior lean 
on contact and leg angular velocity. It reflected that the pattern of 
vertical force with the plant leg was not a key factor in ball velocity. 
Petrone (2006) has studied on correlation between support foot 
placement and goal accuracy for instep kicks in the soccer field. The 
placement of the support foot relative to the ball was supposed to have 
an effect on the shot precision for a given target. The goal was divided 
with a visual grid enabling to identify six possible targets of the shot, 
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high/low for vertical placement and left/center/right for horizontal 
placement. Skilled players were asked to perform repetitive penalty 
instep kicking in the soccer field with a defined target such as high/left 
or low/right: ground reaction loads were recorded by means of a force 
platform installed in a suitable board and the movements were video 
recorded. The position of COP at the kick instant with respect to the 
ball and the average trajectory of COP on the platform resulted to be 
correlated w ith successful target in such a way that training procedures 
were defined to improve the player coordination for precision 
shooting. Finally, differences between free kicking and kicking with a 
goalkeeper were recorded, enabling to analyze a realistic player 
behaviour in the study. 
Shan (2002) has studied full-body kinematic characteristics of 
the maximal instep soccer kick by male soccer players and parameters 
related to kick quality. The study tried to understand fundamental 
soccer skills, most focusing on kicking. However, a full picture of an 
efficient kick remains incomplete owing to constraints of test designs 
and difficulties that arise in synchronizing and analyzing information 
generated by multiple assessment techniques. This study remedies 
deficiency and defined a full-body model capable of revealing more 
detailed characteristics of kicking. It revealed effects of long-term 
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training by comparing novices with skilled athletes and explored new 
parameters that have potential to aid quantitative evaluations of skill. 
Results showed effective upper-body movements to be a key factor in 
creating better initial conditions for a more explosive muscle 
contraction during kicking. It permited a more powerful quasi whip-
like movement of the kicking leg. Finally, the timely change of 
distance between the kick-side hip and the non-kick-side shoulder 
provided a quantitative means of measuring kick quality. 
Shan has studied on biomechanical analysis of soccer kicking 
and passing - a synchronized analysis of 3D kinematics and EMG. The 
study targeted two goals; one - to capture left and right kicks as well 
as passes of ten elite and ten novice female soccer players, and two - to 
do primary kinematical comparison between the two groups. Ten 
novice subjects (21.5y±2.2) were recruited from an Introductory 
Kinesiology class at the University of Lethbridge and an equal number 
of elite soccer players (20.4 y ±3.5) volunteered from the University's 
varsity women's soccer team. For obtaining 3D data, 42 reflective 
markers were placed on bony landmarks (4 on heads. 10 on the trunk. 7 
on each arm and leg) and 3 reflective markers were placed on the ball. 
All participants completed twelve trials, consisting of six kicks and six 
passes. Three trials were completed with each foot. The ball was 
placed in front of the participant and no restrictions as to the approach 
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to the ball or the type of kick were given to the subject. Primary 
analysis showed that elite female soccer players demonstrated larger 
range of motion of hip flexion-extension when performing kicks with 
both their dominant and non-dominant legs (96.0°±6.7 and 81.6°±7.0) 
as compared to novice soccer players {11.1°±1.1 and 66.5°±6.9). 
Shinkai, et al., (2007) have studied ball-foot interaction in 
impact phase of instep soccer kick. The study were to illustrate the 
three-dimensional motion of the foot (plantar / dorsal flexion, 
abduction / adduction, inversion / eversion) and the motion of center of 
gravity of the hall during ball impact, and to examine the interaction 
between the motion of the foot and the ball behavior during ball 
impact. Eleven experienced male soccer players participated in this 
study. To analyze the interaction between foot and ball in detail, two 
ultra high-speed video cameras (NAC Inc., Tokyo, Japan) were used to 
capture the motion of kicking limb and ball at 5000 Hz. Ball 
deformation and position of center of gravity of the ball were 
calculated from the lateral side image. The foot was plantarflexed, 
abducted and everted during contact with the ball. In particular, the 
foot was dorsalyflexed slightly at the beginning of the impact, and 
begins to plantarflexed after middle of the impact. The peak force 
acing on the foot almost coincides with the peak ball deformation, and 
magnitude of peak force reached approximately 2700N. In this study it 
63 
was seen that the foot was forced into plantar flexion by the force of 
the ball. The ball velocity exceeded foot velocity when the ball was 
maximally deformed. It was suggested that the foot has not directly 
increase the ball velocity after this moment, nevertheless the foot 
contact with the ball. 
Shinkai, et al., (2006) have studied on foot movement in impact 
phase of instep kicking in soccer. Six experienced male soccer players 
participated in this study. They performed several types of maximum 
instep kicking vi^ ith various ball contact positions on the foot. The foot 
and shank motions during ball impact were recorded using two ultra 
high-speed cameras (MEMRECAM fx6000, nac. Inc., Tokyo, Japan) at 
SOOOfps. The three-dimensional movement of the foot was calculated 
from the local coordinate system fixed on each segment. The average 
ball velocity was 29.8±1.2 ms and the average ball-foot velocity ratio 
was 1.40±0.9. During ball impact, the largest angular displacement 
was observed for plantar flexion motion and the smallest was 
represented for abduction motion. The foot was forced into plantar 
flexion, abduction and eversion during ball impact phase of the instep 
kicking. As the foot was easily forced to be plantary flexed thereby 
spoiling the quality of ball impact, restraining this motion during ball 
impact has been an essential to kick the ball efficiently. Moreover, 
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horizontally inclined foot against the ball may has served a likely 
configuration of the foot. 
Smith, et al., (2006) have studied the application of an 
exploratory factor analysis to investigate the inter-relationships 
amongst joint movement during performance of a football skill. This 
study investigates the inter-relationships among three-dimensional 
kinematic variables during performance of a lofted instep soccer kick. 
A motion analysis system was used to collect kinematic data for 13 
skilled amateur soccer players attempting a standardized lofted instep 
kick. Three-dimensional angular displacement patterns were reported 
for the thoraolumbar spine and right hip joints. Two-dimensional 
angular displacement data was reported for the right knee and ankle 
joints. An exploratory rather than confirmatory factor analysis was 
applied, as there was no established theory regarding the kinematics of 
a lofted instep kick. Factors were extracted using the Maximum 
Likelihood Solution and Orthogonally Rotated using Varimax with 
Kaiser normalisation. The inter-relationship among biomechanical 
variables within the seven extracted factors were analyzed with each 
factor revealing previously unknown inter-relationships among 
variables for different aspects of the kick. The use of exploratory 
factor analysis has shown the complex three-dimensional kinematic 
inter-relationships for a lofted instep kick. An understanding of these 
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relationships has proved useful to coaches when instructing and in the 
development of coaching programmes related to the lofted instep kick. 
Sporis, et al., (2007) have studied how to evaluate full instep 
kick in soccer? This study was to present a way on how to evaluate the 
full instep kick in soccer. The instep kick test was comprised of three 
parallel tests; the ball speed test (km/h measured by stalker radar gun, 
Texas), the full instep kick accuracy test (goal divided into six fields) 
and the full instep kick technique test (seven aspects of the full instep 
kick).The sample was comprised of elite male soccer players, members 
of first league clubs in the Croatian League (n=21), age 22.13±0.85. 
Reliability of kicking performance test was determined by reliability 
analysis (alpha) and test-retest. (p < 0.05). Ball Velocity was measured 
using the radar gun (Stalker-Pro, Texas). All tests had normally 
distributed data. Mean ball velocity measured by radar was 104,4 
(4,38) km/h. Reliability coefficient alpha and test-retest analysis for all 
three tests was 0,96. The soccer full instep kick test with parallel 
evaluation of technique, ball accuracy and speed was a very good 
diagnostic procedure. A similar test was used for the evaluation of 
other soccer kick types. 
Tanaka, et al., (2006) have studied on manipulability analysis of 
kicking motion in soccer based on human physical properties. This 
study has presented an analysis tool of kicking motion in soccer based 
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on robotic techniques. The developed tool had been used to calculate 
kinematics, dynamics, and manipulability of trainee's movements with 
considerations of human physical characteristics from the trainee's 
postures measured by a motion capture system and has visually provide 
the quantitative analysis to users in the main window of the tool. The 
effectiveness of the proposed approach was varied through basic 
experiments with skilled and unskilled subjects in soccer. 
Tsaousidis and Zatsiorsky (1996) have studied on an attempt to a 
closer examination of the ball-foot interaction at the instant of soccer 
kicking using high speed videotaping. This allowed a detail 
biomechanical analysis of the collision. A central question was 
whether the ball-foot interaction be modeled as an elastic impact, or as 
a mixture of 'impact-like' and 'throwing-like' patterns. The findings 
proved that the theory of conservation of momentum alone was not 
adequate for modeling kicking: additional momentum and mechanical 
energy has been supplied to the system during the collision phase 
because of the muscle work. This was due to the relatively long 
duration of collision (about 16 ms) and the large ball-foot 
displacement (about 26.0 cm). More than 50% of the ball's speed and 
at least 30% of its kinetic energy has been imparted to the ball without 
any contribution of the potential energy of the ball deformation. 
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Vaverka, et al., (2003) have studied the velocity of soccer 
kicking and the laterality of the lower extremities. This research has 
focused on the study of differences in the maximum velocity of the 
soccer ball kicked with the preferred and non-preferred leg and the 
kinematic variables of the kick. The kinematic analysis (3D, 50 Hz, 
system APAS) of the kick using the preferred and non-preferred leg 
was applied to a set of 12 skilled soccer players (age: 15.75 0.45 years, 
body weight: 69.5 7.59 kg, body height: 177.73 5.82 cm). The 
execution of the kick was described in addition to the velocity of the 
ball (preferred leg: 27.68 1.32 m.s-1 non-preferred leg: 23.49 2.05 m.s-
1) using 26 measured variables and 13 symmetry indices. Non-
parametric statistical methods (STATGRAPHICS, version 5.0) were 
used. The results confirmed differences in the execution of the kick 
using the preferred and non-preferred leg and different levels of the 
relationships between measured variables and the kick ball velocity. 
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CHAPTER-III 
METHODOLOGY 
Cliapter-III 
MATHODOLOGY 
Description of the experimental equipments and procedures used during 
the investigations are contained in this chapter. This chapter is divided into 
the following sections: 
(i) General Procedures, 
(ii) The Linkage System, 
(iii) Selection and Description of Instrumentation, 
(iv) Data Reduction and Analysis, 
(v) Analytical Software, 
(vi) Kinematical Analysis, 
(vii) Statistical Procedure. 
GENERAL PROCEDURES 
The general procedures followed during the investigations are 
presented in five subsections: 
(a)Preliminary In\estigations, 
(b)The Subject, 
(c) Selection of subjects, 
(d)Filming Procedures, 
(e) Selection of trials. 
(f) Selection of frames for analysis. 
Preliminary Investigations 
Prior to the actual data collection a preliminary investigation was 
conducted in order to tackle the possible hindrance concerning the 
experimental set-up. Applying camera positions and focus setting, one male 
soccer player was filmed while performing the instep kicks and inside 
instep kicks of a stationary ball. The areas of investigations included were: 
(a) Determination of optimal location for camera, 
(b) Determination of the correct aperture and focal setting, 
(c) Determination of the appropriate lighting, 
(e) Instep and Inside Instep kick and trail identification location, 
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(f) Familiarization of the investigator and research assistants with the 
experimental equipments. 
As a result of the preliminary investigations, the investigator and 
research assistants w e^re familiarized with the procedure and equipments to 
be used for the study. The correct lighting, aperture and focus setting 
ensure appropriately exposed film to aid in the digitizing process. Two 
research assistants were trained in the collection of data pertaining to 
distance covered by the ball. The preliminary investigations helped to 
understand problems and technicalities that could have occurred during the 
actual data collection session. 
The Subjects 
Ninety-nine soccer players were randomly selected for the study 
from different levels. All the selected players had readily agreed and 
volunteered to act as subject for the study. The demographic description 
is presented in table-2 (page-107). 
(a) High-Level Skilled Players (National and Inter-university level) 
(b) Medium Level Skilled Players (State and Collage level) 
(c) Low Level Skilled Players (District and Regional level) 
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Selection of subjects 
The researcher was permitted to collect data during the inter-
university competition held at Pantnagar, open state competition held at 
Bijnor Stadium and district competition held at the Aligarh. In order to 
maintain homogeneity only right-footed kickers were selected for the 
study. The selection of subjects of each level was done by random method, 
the selected subjects were initiated through concerned coaches, and later 
direct contacts were made. The coaches provided names of the potential 
players who were free of any type of injury in the lower extremities. 
Filming procedures 
The film recordings were conducted on sunny and clear weather on 
the football ground. All the subjects were instructed to wear complete 
soccer kit in order to perform successful instep and inside instep kicks. The 
kicks were demonstrated and explained in detail before the players were set 
for performance required of them. The subjects performed two trails for 
instep kick and two trails for inside instep kick from a preferred distance 
and with maximum effort on a stationary ball. Each subject was permitted 
free approach angle and distance run for both kick. Standard ball (weight 
450 grams) was used for all subjects and for every kick. 
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During the film analysis, specific video fields were selected. The 
ground contact by heel of the non-kicking foot or the hyperextension of the 
hip joint of the kicking leg, ball contact/take off and the hyper contraction 
of the hip joint of the kicking leg/follow through was selected as the 
beginning and ending of the kick sequence respectively. The sequence of 
the kicking motion was divided into three phases/events (Pronk, 1991) 
(a) Loading Phase / Approach (Ground contact of the non kicking foot 
along the side of the ball to ground and maximum hyperextension of 
kicking foot); 
(c) Impact/Contact (Ball contact with kicking foot) and 
(d) Follow Through (maximum flexion of hip of the kicking foot). 
Selection of trails 
All the trail kicks were viewed and the distance covered by ball too 
were taken into consideration. The best trail for instep and inside instep 
soccer kicks were selected on the basis of the maximum distance covered 
by the ball. 
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Selection of frames for analysis 
To identify :he frame of soccer kick movements for analysis has 
been divided in to three components: 
(a)The initial phase (loading phase), 
(b)The contact phase (ball strike\impact), 
(c) The follow through phase. 
The start of the kick is defined as swing of the kicking leg until the point of 
hip hyperextension and maximum knee flexion. In addition, the finish of 
the initial phase is defined as the instant immediately before the foot makes 
contact with the ba I. The contact phase defined as the ball contact with the 
kicking foot or the point of the maximum knee extension until the contact 
with ball. The folhjw through phase is explained as the point just after the 
ball contact until the kicking leg reach up to its maximum height or 
maximum hip flexion. 
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THE LINKAGE SYSTEM 
For biomechanical analysis of human movements, the body of interest is 
often represented as a simplified mechanical model (Andrew, 1995). This model 
should represent the body as accurately as possible, within the constraints 
imposed by the experimenter. The system of interest in the present study was 
the lower extremity that was used to perform an instep kick and inside instep 
kick against a stationary ball. For the purpose of this analysis, the system of 
right leg was model as three rigid, link segments as shown as figure-7 
Figure-7 
Kicking Foot 
Non-Kicking Foot 
Hip Joint 
Knee Joint 
Ankle Joint 
Ball 
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The most distal segment or foot is defined as the straight line from the 
third metatarso-phalangeal joint to centre of the rotation (COR) of the ankle 
joint. In this study the ankle joint COR was represented by the midpoint of the 
line connecting the lateral malleoli. In this study the ankle joint was modeled as 
a core joint with one rotational degree of freedom (DOF) and the angle between 
the foot and the shank. 
The middle segment or shank is defined as the straight line connecting the 
ankle joint COR and the knee joint COR. The knee joint is modeled as a hinge 
joint with one rotational DOF, with the COR lying at the mid point of the line at 
lateral epicondyles. The angle at the knee joint was defined as the internal angle 
between the shank and the thigh. 
The most proximal segment in the system or thigh is defined as the 
straight line connecting the knee joint COR and the hip joint COR. The hip joint 
was modeled as a ball and socket joint with three rotational DOF. The COR of 
the right hip joint was represented by the point lying one quarter of the distance 
along the line connecting the right greater trochanter to the left greater 
trochanter. Due to the more complicated two dimentional nature of the hip joint, 
the angle was divided into two components, that were most converted for the 
analysis. One component of hip angle was the included angle that the thigh 
segment made with vertical plane, which was referred to as the elevation angle. 
The second componetit of the hip angle was the angle that the projection of the 
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thigh on to the vertical plane made with the axis, which was referred to as the 
vertical rotation angle. 
SELECTION AND DESCRIPTION OF ANTHROPOMETRY 
Selections of anthropometry are 
(i) Height 
(ii) Weight 
(iii) Leg Length 
(iv) Upper leg /thigh length 
(v) Lower leg length 
(vi) Foot length 
Anthropometric Data Collection 
The body weight of each subject was measured in kilogram (kg) using a 
simple weighing machine. Height was measured in centimeter (cm) by a vertical 
ruler. The segmental length was measured in centimeter (cm) as leg length, 
lower leg length, thigh length and foot length with the help of measuring tape. 
The anatomical landmarks of segments for measurement were outlined as 
described in the table-1. 
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Table-1 
Anthropometric Measurements 
Measurement 
Leg Length 
Thigh Length 
Lower Leg 
Length 
Abbreviations 
LL 
THL 
LLL 
1 
Foot Length 1 FT 
1 
Definition 
Greater trocenter to the sole. 
Distance between greater trocenter and lateral 
epicondyle of femur. 
Distance between lateral epicondyle and 
lateral malleos. 
Distance between calcaneus to the tip of the 
longest toe. 
Procedure of Biomechanical Analysis 
The investigator gleaned through both critical as well as allied literature 
related to the problem. The facilities and equipments available in the 
Department of Physical Education, Aligarh Muslim University, Aligarh, for the 
analysis. The videography technique was adopted for kinematic analysis of 
instep and inside instep soccer kick. This is probably the most adaptable method 
to analyse the kinematics variables. 
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Videography Techniques 
The videographic technique was further organized into three sections. 
These are: 
(i) Videographic Equipments and Location, 
(ii) Camera Speed, 
(iii) Subject and Trail Identification. 
(i) Videography Equipments and Location 
The subject's kicicmg motion were recorded using VLC Hard Disk video 
cameras in a field setting. The cameras were set-up on a rigid tripod and secured 
to the floor in the location. In order to obtain maximum accuracy in the 
reconstruction of the two-dimentional co-ordinates, the location of the cameras 
were chosen in such a way that the optical axes of the cameras intersected 
perpendicularly on both planes namely sagittal plane and frontal plane as shown 
in the figure-8. 
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Figure-8 
First Camera 
Second Camera 
One camera was positioned perpendicular to the sagittal plane and 
parallel to the mediolateral axis (camera optical axes perpendicular on the 
sigittal plane) as their kicking leg giving approximately a 90° between their 
respective optical axes. 
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Figure-9 
Other camera was positioned five meter behind five meter behind the 
stationary ball position with the camera's optical axis perpendicular to the 
frontal plane for measuring the leg motion of players during instep and inside 
instep soccer kick. 
The cameras were elevated 95 cms. from the ground and tilted in order to 
get the image of the subject as large as possible while all points of interest 
remained totally within movement. The camera was operated by the researcher 
assistant. Once the signal was given, the subject began to execute the whole 
range of kicking motion. 
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(ii) Camera Speed 
The camera was set at sports mode and the sampling rate of the video 
camera was fifty fields per second. A fast shutter speed can freeze the motion of 
a fast-moving subject and slow shutter speeds can blurr the subject to give the 
impression of the motion. Thus, the shutter speed of the camera was fixed at 
fast speed (1/4000 fast shutter speed allow fast-moving subject to capture one 
frame at a time vividly) in order to eliminate the blurr while video recording. 
(iii) Subject and trail Identifications 
For identification of the subject in the video graph, each subject was 
given a code/number as to distinguish them in the data recorded. For 
identification purposes of a best kick, the trails were viewed on the computer 
system with expert on the subject (football) to demarcated the trail for the data 
acquisition. The best trail kicks were spotted and edited for analysis. 
DATA REDUCTION AND ANALYSIS 
The vediographic data were collected from time to time according to the 
competition schedule. The data of high-level players were collected during the 
inter-university competition at Pantnagar. The data of medium level players 
were collected during the open state competition at Bijnor stadium and the low-
level players data were collected from district level competition held at Aligarh 
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stadium. After the video recording sessions were over, the video recording was 
loaded into the researcher's personal computer (PC) for trail identification. The 
identified trail were played with the help of Hero Video of Hero Super Player 
3000 software to make separate clips of each player for separat kicking skills. 
The separate clips were then opened on to the Motion Analysis Tool (MAT) 
software. This software provides to identify the angles, displacement, time and 
number of frames. The sequence of procedures that were followed: 
Analytic Software 
To analyse the video recording following softwares were used 
a) Motion Analysis Tools, Version 1.1a 
b) CoralDRAW Graphics Suit 12, version 12.0.0458 
c) HeroVideo of Hero Super Player 3000 
d) Windows Picture and Fax Viewer (Window XP SP2) 
e) SPSS 13 
a) Motion Analysis Tools 
The movement analysis software Motion Analysis Tools is a Windows 
95/NT/2000/XP programme for taking measurements from digital video and 
bitmap images. This software is intended for biomechanics or ergonomics and 
also for clinical purposes. The features of the software are: 
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View multiple video and bitmap images. 
Step through a video frame by frame. 
Calculate joint angles, approach run, kick length, kicking time. 
Superimpose a grid over the image. 
Load MPEG, AVI, or QuickTime video files. 
Create a video snapshot of key frames. 
Print still images or copy the image into another program. 
b) Coral DRAW Graphics Suit 12 
Coral draw graphics Suit 12version 12.0.0458 was used to measure angles 
between different phases of different body segments with the help of freehand 
tools of the software. 
c) Windows Picture and Fax Viewer 
Windows Picture and Fax Viewer (Window XP SP2) used for selection of 
initial, contact and final position frame of the subject. 
d) Hero Video 
Hero video of hero super player 3000 was used for constructing the best-
performed kick's clips (Instep and Inside Instep) and their frames. 
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e) SPSS 13 
SPSS Software used for to calculate Analysis of Variance (ANOVA) with 
Least Significant Difference (LSD) post hoc test to determine the means 
significant difference between different level players during soccer kicks. 
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KINEMATICAL ANALYSIS 
Figiire-10 
Segments position for kinematical analysis 
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Joint Angle 
Hip Angle 
Two types of hip joint movement have been studied those are flexion and 
extension. Flexion of the hip joint has been defined as angular positions less 
then straight angle whereas straight angle (180 ) indicated hip extension. Hip 
joint angle has been measured between anatomical line of femur and line drawn 
between shoulder joint to hip joint. 
The identified clips from Hero Video software of the selected subject 
were loaded onto the Motion Analysis Tool (MAT) software. To acquire data of 
hip joint angle lines were drawn with the curser from shoulder joint (over the 
head of humerus) to hip joint (over the greater trochanter of femur) and then to 
the knee joint (over lateral condyle of tibia). 
Knee Angle 
Knee joint permits only two movements, flexion and extension. Knee 
joint angle was measured between anatomical lines of the femur and tibia. 
Extension of the knee joint was defined as straight angle (180°) whereas angular 
positions less then straight angle indicated knee flexion. 
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The identified clips from Hero Video software of the selected subject 
were loaded onto the Motion Analysis Tool (MAT) software. To acquire data of 
knee joint angle lines were drawn with the curser from hip joint (over the 
greater trochanter of femur) to the knee joint (over lateral condyle of tibia) and 
then to the ankle joint over the lateral malleolus of fibula. 
Ankle Angle 
Ankle joint permits two movements dorsi flexion and planter flexion. 
When the ankle jomt flexed, causing the top of the foot draw closer to the tibia 
bone, it's dorsi flexion. When the ankle joint extend, causing the top of the foot 
draw away from the tibia bone, it is planter flexion. 
The identified clips from Hero Video software of the selected subject were 
loaded onto the Motion Analysis Tool (MAT) software. To acquire data of ankle 
joint angle lines were drawn with the curser from knee joint (over lateral 
condyle of tibia) to the ankle joint over the lateral malleolus of fibula and then 
to tip of the longest toe. 
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Angle Variations between Different Phases 
Hip angle between initial and contact phase 
Hip joint angle between the initial phase and the contact phase were 
measured at the point of hip joint from one phase to the other phase. A 
segmental line was drawn at anatomical lines of the humerus in each phase, 
after that the lines were jointed together from its head of each phase. The angle 
created by the segmental lines were measured and known as hip angle between 
initial phase and contact phase. 
Hip angle between contact and follow through phase 
Hip joint angle between the contact phase and follow through phase were 
measured at the hip joint from one phase to the other phase. A segmental line 
was sketched at anatomical lines of the humerus in each phase, after that the 
lines were jointed together from its head of each phase. The angle created by the 
segmental lines were measured and known as hip angle between contact and 
follow through phase. 
Knee angle between initial and contact phase 
Knee joint angle between the initial phase and the contact phase were 
measured at the point of knee joint from one phase to the other phase. A 
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segmental line was drawn at anatomical lines of the femur in each phase, after 
that the lines were jointed together from its head of each phase. The angle 
created by the segmental lines were measured and known as knee angle between 
initial phase and contact phase. 
Knee angle between contact and follow through phase 
Knee joint angle between the contact phase to and follow through phase 
were measured at the knee joint from one phase to the other phase. A segmental 
line was sketched at anatomical lines of the femur in each phase, after that the 
lines were jointed together from its head of each phase. The angle created by the 
segmental lines were measured and known as knee angle between contact and 
follow through phase. 
Ankle angle between initial and contact phase 
Ankle joint angle was measured between the initial phase and contact 
phase, at the point of ankle joint from one phase to the other phase. A segmental 
line was drawn at anatomical lines of the foot in each phase, after that the lines 
were stick together from its head. The lines connected to each other at their 
heads were measured and known as ankle angle between initial phase and 
contact phase. 
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Ankle angle between contact and follow through phase 
Ankle joint angle was measured between the contact phase and follow 
through phase at the point of ankle joint from one phase to the other phase. A 
segmental line was drawn at anatomical lines of the foot in each phase, after 
that the lines were stick together from its head. The lines connected to each 
other at their heads were measured and known as ankle angle between contact 
phase and follow through phase. 
Displacement of Joint Axis 
Displacement (of hip joint) from initial to contact phase 
The identified clips from Hero Video software of the selected subject 
were loaded onto the Motion Analysis Tool (MAT) software. To acqure data of 
hip joint displacement a point was marked at the hip joint by distance marker 
during initial phase and similarly another point was marked by the marker 
during contact phase, then the reading was recorded from the status bar of 
software during each phase. 
The readings given by the software were based upon the X-Y coordinates. 
f 
The variations between the X and Y values of each phase were assessed and the 
final displacement was determined with the help of Pythagoras theorem. 
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Displacement (of hip JMiiit) from contact and follow through 
phase 
The identified clips from Hero Video software of the selected subjects 
were loaded onto the Motion Analysis Tool (MAT) software. To acquire data of 
hip joint displacement a point was marked at the hip joint by distance marker 
during contact phase and similarly another point was marked by the marker 
during follow through phase, then the reading was recorded from the status bar 
of software during each phase. 
The readings given by the software were based upon the X-Y coordinates. 
The variations between the X and Y values of each phase were assessed and the 
final displacement was determined with the help of Pythagoras theorem. 
Displacement (of knee joint) from initial to contact phase 
The identified clips from Hero Video software of the selected subjects 
were loaded onto the Motion Analysis Tool (MAT) software. To acquire data of 
knee joint displacement a point was marked at the knee joint by distance marker 
during initial phase and similarly another point was marked by the marker 
during contact phase, then the reading was recorded from the status bar of 
software during each phase. 
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The readings given by the software were based upon the X-Y coordinates. 
The variations between the X and Y values of each phase were assessed and the 
final displacement was determined with the help of Pythagoras theorem. 
Displacement (of knee joint) from contact and follow through 
phase 
The identified clips from Hero Video software of the selected subjects 
were loaded onto the Motion Analysis Tool (MAT) software. To acquire data of 
knee joint displacement a point was marked at the knee joint by distance marker 
during contact phase and similarly another point was marked by the marker 
during follow through phase, then the reading was recorded from the status bar 
of software during each phase. 
The readings given by the software were based upon the X-Y coordinates. 
The variations between the X and Y values of each phase were assessed and the 
final displacement was determined with the help of Pythagoras theorem. 
Displacement (of ankle joint) from initial to contact phase 
The identified clips from Hero Video software of the selected subjects 
were loaded onto the Motion Analysis Tool (MAT) software. To acquire data of 
ankle joint displacement a point was marked at the ankle joint by distance 
marker during initial phase and similarly another point was marked by the 
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marker during contact phase, then the reading was recorded from the status bar 
of software during each phase. 
The readings given by the software were based upon the X-Y coordinates. 
The variations between the X and Y values of each phase were assessed and the 
final displacement was determined with the help of Pythagoras theorem. 
Displacement (of ankle joint) from contact and follow through 
phase 
The identified clips from Hero Video software of the selected subjects 
were loaded onto the Motion Analysis Tool (MAT) software. To acquire data of 
ankle joint displacement a point was marked at the ankle joint by distance 
marker during contact phase and similarly another point was marked by the 
marker during follow through phase, then the reading was recorded from the 
status bar of software during each phase. 
The readings given by the software were based upon the X-Y coordinates. 
The variations between the X and Y values of each phase were assessed and the 
final displacement was determined with the help of Pythagoras theorem. 
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Linear Velocity 
Hip Joint 
The linear velocity of the hip joint is defined as the rate of change of 
displacement of hip joint from one phase to another phase during soccer kick. 
The linear velocity of hip joint was measured with respect to time for the 
hip joint displacement between first phase (initial to contact phase) and second 
phase (contact to follow through phase). The total linear velocity of the hip joint 
was sum of the rate of changes in linear displacement during two phases. 
Knee Joint 
The linear velocity of the knee joint is defined as the rate of change of 
displacement of knee joint from one phase to another phase during soccer kick. 
The linear velocity of knee joint was measured with respect to time for 
the knee joint displacement between first phase (initial to contact phase) and 
second phase (contact to follow through phase). The total linear velocity of the 
knee joint was sum of the rate of changes in linear displacement during two 
phases. 
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Ankle Joint 
The linear velocity at the ankle joint is defined, as the rate of change of 
displacement between the phases during soccer kick. 
The linear velocity of ankle joint was measured with respect to the time 
for ankle joint displacement between the first phase (initial to contact phase) 
and second phase (contact to follow through phase). The total linear velocity of 
the ankle joint was sura of the rate of change in linear displacement during the 
two phases. 
Angular Velocity 
Hip Joint 
The angular velocity at the hip joint is defined as the rate of change of hip 
joint angle between the phases during soccer kick. 
The hip joint angle during initial, contact and follow through phases were 
determined with the help of MAT software as explained earlier. The changes in 
the angles from initial to follow through phases were calculated from the value 
generated by the software. Then determined angle values of hip joint were 
converted into radian from degree. In order to calculate angular velocity in hip 
joint angle in radian was divided by time taken from initial to follow through 
phases during soccer kick. 
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Knee Joint 
The angular velocity at the knee joint is defined as the rate of change of 
knee joint angle between the phases during kick. 
The knee joint angle during initial, contact and follow through phases 
were determined with the help of MAT software as explained earlier. The 
changes in the angles from initial to follow through phases were calculated from 
the value generated by the software. Then determined angle values of knee joint 
were converted into radian from degree. In order to calculate angular velocity in 
knee joint angle in radian was divided by time taken from initial to follow 
through phases during soccer kick. 
Ankle Joint 
The angular velocity at the ankle joint is defined as the rate of change of 
ankle joint angle between the phases during kick. 
The ankle joint angle during initial, contact and follow through phases 
were determined with the help of MAT software as explained earlier. The 
change in the angles from initial to follow through phases were calculated from 
the value generated by the software. Then determined angle values of ankle 
joint were converted into radian from degree. In order to calculate angular 
velocity in ankle joint angle in radian was divided by time taken from initial to 
follow through phases during soccer kick. 
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Ball Velocity 
The velocit} of the ball is defined as the rate of change of ball 
displacement the instant of kick to fifth frame. 
The velocity of ball was measured with respect to the displacement. It 
contained the changes in position from ball contact with the foot to fifth frames 
of the videograph. The ball displacement was determined with the help of MAT 
software. By setting distance markers on the ball at the time of ball contact with 
foot and when the ball was in fifth frame and recorded the reading of each phase 
that was shown on the status bar of the software. In order to calculate ball 
velocity the total displacement was divided by time taken by ball from the time 
of contact to fifth frame. 
STATISTICAL PROCEDURE 
In order to test the kinematic data for the joint angle, displacement of 
joint axis, linear velocity and angular velocity, a two-way analysis of variance 
(ANOVA) was applied to obtained significance mean difference. A Least 
Significant Difference (LSD) post hoc test was applied in cases where "F" ratios 
were significant; to find-out which of the differences of the level paired means 
were significant. 
The t-test was also computed to assess the significant difference of the 
ball velocity amongst different level of players in instep and inside instep 
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soccer kick; and further between the same level of players (High-High, 
Medium-Medium and Low-Low). 
Kinematic parameters investigated throughout the different phases of 
kicking motion were represented with various plots and graphs using the SPSS 
computer software programs. 
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CHAPTER-IV 
ANALYSIS OF 
DATA,RESULT 
AND DISCUSSION 
Chapter-IV 
ANALYSIS OF DATA, RESULTS AND 
DISCUSSION 
The purpose of this investigation was to analyse the selected kinematics 
of soccer kicks on different level players. The results of the present 
investigation have been categorized under the following heading: 
1) Description of the subject. 
2) Analysis of Joint Angle of Different Level Soccer Player During: 
a) Initial phase of instep kick 
b) Contact phase of instep kick 
c) Follow through phase of instep kick 
3) Analysis of Joint Angle of Different Level Soccer Player During: 
a) Initial phase of inside instep kick 
b) Contact phase of inside instep kick 
c) Follow through phase of inside instep kick 
4) Displacement of various joints of different level players: 
a) Initial to contact phase of instep kick 
b) Contact to follow through phase of instep kick 
5) Displacement of various joints of different level players: 
a) Initial to contact phase of inside instep kick 
b) Contact to follow through phase of inside instep kick 
6) Description of angular velocity at various joints for different level 
players in instep soccer kick. 
7) Description of angular velocity at various joints for different level 
players in inside instep soccer kick. 
8) Description in linear velocity at various joints for different level 
players of instep soccer kick. 
9) Description m linear velocity at various joints for different level 
players of inside instep soccer kick. 
10) Description of ball velocity for different level players in instep 
soccer kick. 
11) Description of ball velocity for different level players in inside 
instep soccer kick. 
12)Description of ball velocity for high level players in instep and 
inside instep soccer kick. 
13)Description of ball velocity for medium level players in instep and 
inside instep soccer kick. 
14)Description of ball velocity for low level players in instep and inside 
instep soccer kick. 
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Description of the Subjects 
Ninety nine male soccer player of different level acted as subjects 
for the study (Table-2) presents the demographic data of the entire subjects 
who participated in the investigation 
Table-2 
Demographic data 
VARIABLE 
AGE 
(Years) 
WEIGHT 
(kg.) 
HEIGHT 
(cm) 
LEVELS 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
N 
33 
33 
33 
33 
33 
33 
33 
33 
33 
MEAN 
20.48 
14.09 
14.21 
63.12 
53.76 
49.24 
171.29 
161.28 
164.10 
SD 
1.48 
2.90 
0.99 
5.44 
10.54 
5.21 
5.35 
10.06 
5.73 
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Basic anthropometric description of the subject presented in Table-3 
shows that the subjects were relatively homogeneous with low standard 
deviation (SD) for these variables. 
Table-3 
Anthropometric description of the subject 
Variable 
Thigh Length 
Lower Leg 
Length 
Foot Length 
LEVELS 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Mean 
43.64 
40.79 
40.18 
43.45 
40.21 
39.45 
26.55 
24.45 
22.94 
SD 
2.64 
3.17 
2.36 
1.87 
3.25 
2.09 
1.52 
2.32 
1.17 
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RESULTS 
Analysis of Joint Angle of Different Level Soccer Player 
During Initial Phase of Instep Kick. 
Table-4 
ANOVA 
ANKLE 
KNEE 
HIP 
Between Groups 
Within Groups 
Between Groups 
Within Groups 
Between Groups 
Within Groups 
SS 
6052.07 
13061.40 
6029.47 
48264.50 
53.64 
16919.60 
df 
2 
96 
2 
96 
2 
96 
MS 
3026.04 
136.06 
3014.92 
502.76 
26.82 
176.25 
F 
22.24 
6.00 
0.15 
Result of ANOVA (Table-4) reveals that the calculated value of F = 
22.24 and 6.00 of ankle and knee joint angles respectively, during the 
initial phase of soccer instep kick of different level male soccer players 
showed significant difference. Whereas calculated value of F = 0.15 for hip 
joint angle showed insignificant difference. Thus, Least Significant 
Difference (LSD) has been calculated to determine the existence of 
significant mean difference between different level players at various joints 
during initial phase of instep kick. 
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Table-5 
xMuItipIe Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Levels(I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference 
(I-J) 
13.75* 
4.67 
18.42* 
10.64 
8.44 
19.07* 
1.48 
1.63 
0.16 
Sig. 
.00 
.12 
.00 
.06 
.13 
.00 
.65 
.62 
.96 
The mean difference is significant at the .05 level 
The comparison of Least Significant Difference (LSD) for mean of 
instep soccer kick during initial phase have been computed and presented 
in Table-5. The table reveals that high and medium; high and low level 
players showed significant mean difference at ankle joint angle, whereas 
medium and low level players showed insignificant mean difference. For 
the knee joint angle, high and low level players showed significant mean 
difference, whereas high and medium; medium and low level players 
showed no significant mean difference. Further the hip joint angle reveals 
no significant mean difference among different level players during initial 
phase of instep soccer kick. 
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Graph-1 
Joints angle measurement at initial phase 
of instep soccer kick 
i High i Medium n Low 
112 
Analysis of Joint Angle of Different Level Soccer Player 
During Contact Phase of Instep Kick 
Table-6 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
2972.52 
42640.40 
3950.79 
22530.56 
108.33 
11907.80 
df 
2 
96 
2 
96 
2 
96 
MS 
1486.26 
444.17 
1975.39 
234.69 
54.16 
124.04 
F 
3.35 
8.43 
0.47 
Result of ANOVA (Table-6) reveals that the calculated value of F = 
3.35 and 8.43 of ankle and knee joint angles respectively, during the 
contact phase of soccer instep kick of different level male soccer players 
showed significant difference. Whereas calculated value of F = 0.47 for hip 
joint angle does not differ significantly. Thus, the Least Significant 
Difference (LSD) has been calculated to determine the existence of 
significant difference between different level players at various joint 
during contact phase of instep kick. 
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Table-7 
Multiple Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Levels(I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference (I-
J) 
13.23* 
8.59 
4.64 
12.16* 
2.21 
14.37* 
2.44 
1.90 
0.55 
Sig. 
.01 
.10 
.37 
.00 
.56 
.00 
.37 
.49 
.84 
The mean difference is significant at thie .05 level. 
The comparison of Least Significant Difference (LSD) for mean of 
instep soccer kick during contact phase has been computed and presented 
in Table-7. The table reveals that high and medium level players showed 
significant mean difference at ankle joint angle; whereas high and low; 
medium and low levels player showed insignificant mean difference. For 
the knee joint angle, high and medium, and high and low level players 
showed significant mean difference, whereas medium and low level players 
showed insignificant mean difference. Further the hip joint angle, no 
significant mean differences were found among different level players 
during contact phase of instep soccer kick. 
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Graph-2 
Joints angle measurement at contact phase of 
instep soccer kicl( 
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Analysis of Joint Angle of Different Level Soccer Player 
During Follow Through Phase of Instep Kick 
Table-8 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
2502.56 
17117.77 
376.29 
18837.32 
8093.27 
31667.57 
df 
2 
96 
2 
96 
2 
96 
MS 
1251.28 
178.31 
188.14 
196.22 
4046.63 
329.87 
F 
7.02 
0.96 
12.27 
Result of ANOVA (TabIe-8 ) reveals that the calculated value of F = 
7.02 and 12.27 of ankle and hip joint angle respectively, during the follow 
through phase of soccer instep kick of different level male soccer players 
showed significant difference. Whereas calculated value of F = 0.96 for 
knee joint angle showed insignificant difference. Thus, the Least 
Significant Difference (LSD) has been calculated to determine the 
existence of significant difference between different level players at 
various joint during follow through phase of instep kick. 
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Table-9 
Multiple Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Level s(I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference 
(1-J) 
12.11* 
4.12 
7.99* 
4.77 
2.31 
2.46 
21.63* 
6.71 
14.93* 
Sig. 
.00 
.21 
.02 
.17 
.50 
.48 
.00 
.14 
.00 
* The mean difference is significant at the .05 level. 
The comparison of Least Significant Difference (LSD) for mean of 
instep soccer kick during follow through phase has been computed and 
presented in Table-9. The table reveals that high and medium; and high and 
low level players showed significant mean difference at ankle joint angle, 
whereas medium and low level players showed insignificant mean 
difference. For the knee joint angle no significant mean difference were 
found among the different level players. Further the hip joint angle reveals 
that high and medium and high and low level players exhibited significant 
mean difference whereas medium and low level players showed 
insignificant mean difference in follow through phase of instep soccer kick. 
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Graph-3 
Joints angle measurement at follow through phase 
of instep soccer kick 
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Analysis of Joint Angle of Different Level Soccer Player 
During Initial Phase of Inside Instep Kick 
Table-10 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
4610.01 
11566.46 
9089.47 
34189.53 
286.55 
17648.68 
df 
2 
96 
2 
96 
2 
96 
MS 
2305 
120.48 
4544.85 
356.14 
143.27 
183.80 
F 
19.13 
12.76 
0.78 
Result of ANOVA (Table-10) reveals that the calculated value of F = 
19.13 and 12.76 of ankle and knee joint angle respectively, during the 
initial phase of soccer inside kick of different level of male soccer players 
showed significant mean difference. Whereas calculated value of F = 0.78 
for hip joint angle showed insignificant difference. Thus, the Least 
Significant Difference (LSD) has been calculated to determine the 
existence of significant difference between different level players at 
various joint during initial phase of inside kick. 
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Table-11 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Multiple Compar 
Levels(I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
isons 
Difference 
(I-J) 
10.74* 
5.72* 
16.46* 
19.71* 
LOW ! 1.17 
j 
HIGH ' 20.89* 
MEDIUM .25 
LOW 3.48 
HIGH 1 3.72 
Sig. 
.00 
.04 
.00 
.00 
.80 
.00 
.94 
.30 
.27 
The mean difference is significant at the .05 levef 
The comparison of Least Significant Difference (LSD) for mean of 
inside soccer kick during initial phase has been computed and presented in 
Table-11. The table reveals that high and medium; high and low; and 
medium and low level players showed significant mean difference at ankle 
joint angle. For the knee joint angle, high and medium; and high and low 
level players showed significant mean difference, whereas medium and low 
level players showed insignificant mean difference. Further the hip joint 
angle, no significant mean difference were found among the different level 
players during in initial phase of inside soccer kick. 
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Analysis of Joint Angle of Different Level Soccer Player 
During Contact Phase of Inside Instep Kick 
Table-12 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
1 
SS 
5054.99 
19233.17 
4836.56 
26470.23 
405.70 
13351.12 
df 
2 
96 
2 
96 
2 
96 
MS 
2527.49 
200.35 
2418.28 
275.73 
202.85 
139.07 
F 
12.67 
8.77 
1.46 
Result of ANOVA (Table-12) reveals that the calculated value of F = 
12.67 and 8.77 of ankle and knee joint angle respectively, during the 
contact phase of soccer inside kick of different level male soccer players 
showed significant difference. Whereas calculated value of F = 1.46 for hip 
joint angle showed insignificant difference. Thus, the Least Significant 
Difference (LSD) has been calculated to determine the existence of 
significant difference between different level players at various joint 
during contact phase of inside soccer kick. 
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Table-13 
Multiple Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Level s( I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
1 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference 
(I-J) 
12.35* 
4.57 
16.92* 
10.52* 
6.44 
16.96* 
2.44 
2.51 
4.95 
Sig. 
.00 
.19 
.00 
.01 
.12 
.00 
.40 
.39 
.09 
*The mean difference is significant at the .05 level 
The comparison of Least Significant Difference (LSD) for mean of 
inside soccer kick during contact phase has been computed and presented 
in Table-13. The table reveals that high and medium; high and low level 
players showed significant mean difference at ankle joint angle. Whereas 
medium and low level players showed insignificant mean difference. For 
the knee joint angle, high and medium; high and low level players showed 
significant mean difference, whereas medium and low level players showed 
no significant mean difference. Further the hip joint angle, no significant 
mean difference were found among the different level players during 
contact phase of inside soccer kick. 
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inside instep soccer kick 
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Analysis of joint Angle of Different Level Soccer Playei 
During Follow Through Phase of Inside Instep Kick 
Table-14 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
6227.57 
29208.28 
123.41 
40111.99 
2370.88 
32195.48 
df 
2 
96 
2 
96 
2 
96 
MS 
3113.79 
304.25 
618.71 
417.83 
1185.44 
335.37 
F 
10.23 
1.48 
3.53 
Result of ANOVA (Table-14) reveals that the calculated value of F = 
10.23 and 3.53 of ankle and hip joint angles respectively, during the follow 
through phase of soccer inside kick of different level male soccer players 
showed significant difference. Whereas calculated value of F = 1.48 for 
knee joint angle showed insignificant difference. Thus, the Least 
Significant Difference (LSD) has been calculated to determine the 
existence of significant difference between different levels of players at 
various joint during follow through phase of inside soccer kick. 
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Table-15 
Multiple Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Levels(I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
Difference 
(I-J) 
18.10* 
2.93 
15.17* 
8.46 
5.84 
2.61 
11.61* 
LOW 1 8.39 
HIGH ' 3.22 
1 
Sig. 
.00 
.50 
.00 
.10 
.25 
.60 
.01 
.07 
.48 
The mean difference is significant at the .05 leveL 
The comparison of Least Significant Difference (LSD) for mean of 
inside soccer kick during follow through phase has been computed and 
presented in Table-15. The table reveals that high and medium; high and 
low level players showed significant mean difference at ankle joint angle, 
whereas medium and low level players showed insignificant mean 
difference. For the knee joint angle, there were no significant mean 
difference found amongst different level players. Further comparison at the 
hip joint angle reveals that high and medium level players showed 
significant mean difference, whereas high and low; medium and low level 
players showed insignificant mean difference during follow through phase 
of inside soccer kick. 
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DISPLACEMENT OF VARIOUS JOINTS OF DIFFERENT 
LEVEL PLAYERS 
Table-16 
Initial to Contact Phase of Instep Kick 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
53805.23 
191988.50 
8412.19 
365929.10 
6342.13 
65510.13 
df 
2 
96 
2 
96 
2 
96 
MS 
26902.62 
1999.88 
4206.10 
3811.76 
3171.06 
682.40 
F 
13.45 
1.10 
4.66 
Result of ANOVA (Table-16) reveals that the calculated value of F = 
13.45 and 4.66 of ankle and hip axis displacements respectively, during 
initial to contact phase of soccer instep kick of different level male soccer 
players showed significant difference. Whereas calculated value of F = 
1.10 for knee joint displacement showed insignificant difference. Thus, the 
Least Significant Difference (LSD) has been calculated to determine the 
existence of significant difference between level players at different joint's 
axis displacement during initial to contact phase of instep kick. 
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Table-17 
Multiple Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Levels(l) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference 
(I-J) 
35.52* 
20.96 
56.48* 
4.27 
19.76 
19.34 
9.67 
9.94 
19.60* 
Sig. 
.00 
.06 
.00 
.98 
.20 
.20 
.14 
.13 
.00 
*The mean difference is significant at the .05 level 
The comparisons of Least Significant Difference (LSD) for mean of 
joint axis displacement during instep soccer kick from initial to contact 
phase of different level players has been computed and presented in Table-
17. The table reveals that high and medium; high and low level players for 
ankle joint, high and low level players for hip joint showed significant 
mean difference, whereas medium and low level player for ankle joint; high 
and medium level; medium and low level; and high and low level players 
for knee joint, high and medium level; and medium and low level players 
for hip joint showed insignificant mean difference for joint's axis 
displacement from initial to contact phase during instep soccer kick. 
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Displacement of joints at intial to contact phase of 
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Table-18 
Contact to Follow Through Phase of Instep Kick 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
69818.64 
316059.40 
61948.84 
187099.40 
4861.02 
69926.60 
df 
2 
96 
2 
96 
2 
96 
MS 
34909.32 
3292.29 
30974.42 
1948.95 
2430.51 
728.40 
F 
10.60 
15.89 
3.36 
Result of ANOVA (Table-18) reveals that the calculated value of F = 
10.60, 15.89 and 3.36 of ankle, knee and hip axis displacement 
respectively, during the contact to follow through phase of soccer instep 
kick of different level male soccer players were significant. Thus, the Least 
Significant Difference (LSD) has been calculated to determine the 
existence of significant difference amongst different level players at 
various joint's axis displacement during contact to follow through phase of 
instep kick. 
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Table-19 
Multiple Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Levels(I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference 
(I-J) 
58.21* 
3.97 
54.25* 
53.16* 
0.19 
52.97* 
16.77* 
5.22 
11.55 
Sig. 
.00 
.78 
.00 
.00 
.99 
.00 
.01 
.43 
.08 
"The mean difference is significant at the .05 level 
The comparisons of Least Significant Difference (LSD) for mean of 
joint axis displacement during instep soccer kick from contact to follow 
through phases has been computed and pi-esenLcd in Table-I9. The table 
reveals that high and medium levels; high and low levels for ankle joint, 
high and medium levels; high and low levels player for knee joint and high 
and medium level soccer players for hip joint showed significant mean 
difference, whereas the medium and low level players for ankle joints; 
medium and low level for knee joints; medium and low level; and high and 
low levels player for hip joint showed insignificant mean difference for 
displacement from contact to follow through phases during instep soccer 
kick. 
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Graph-8 
Displacement of joints at contact to follow through 
phase of instep soccer kick 
0.00 100.00 200.00 300.00 
i High I Medium Q Low 
133 
DISPLACEMENT DESCRIPTION AT VARIOUS JOINTS 
OF DIFFERENT LEVEL PLAYERS 
Table-20 
Initial to Contact Phase of Inside Instep Kick 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
12923.35 
375177.30 
17414.70 
210577.10 
949.55 
116132.70 
df 
2 
96 
2 
96 
2 
96 
MS 
6461.67 
3908.10 
8707.35 
2193.51 
474.77 
1209.72 
F 
1.65 
3.97 
0.39 
Result of ANOVA (Table-20) reveals that the calculated value of F = 
3.97 of knee joint axis displacement during the initial to contact phase of 
soccer inside kick of different level male soccer players showed significant 
mean difference. Whereas calculated value of F = 1.65 and 0.39 of ankle 
and hip joint displacement respectively showed insignificant difference. 
Thus, the Least Significant Difference (LSD) have been calculated to 
determine the existence of significant difference amongs different level 
players at various joints axis displacement during initial to contact phases 
of inside instep soccer kick. 
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Table-21 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Multiple Comparisons 
Levels(I) \ Levels(J) 
HIGH MEDIUM 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
JLOW 
HIGH 
MEDIUM 
Difference 
(LJ) 
20.31 
6.51 
26.83 
22.80 
LOW ! 8.64 
1 HIGH 31.44* 
MEDIUM 
LOW 
HIGH 
0.29 
6.42 
6.71 
Sig. 
0.19 
0.67 
0.09 
0.05 
0.46 
0.01 
0.97 
0.46 
0.44 
*The mean difference is significant at the .05 level 
The comparisons of Least Significant Difference (LSD) for mean of 
joints axis displacement from initial to contact phases during inside soccer 
kick has been computed and presented in Table-21. In the knee joint, high 
and low levels player differ significantly, whereas high and medium, and 
medium and low level players do not differ significantly in joint axis 
displacement during initial to contact phases of inside soccer kick. For the 
ankle and hip joints, table reveals that there were no significant mean 
difference between the different level players. 
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Graph-9 
Displacement of joints at initial to contact phase of 
inside instep socccer kick 
Ankle 
Knee 
0.00 100.00 200.00 300.00 
i High i Medium n Low 
136 
Table-22 
Contact to Follow Through Phase of Inside Instep Kick 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
15557.20 
300945.40 
63921.67 
102275.30 
868.57 
101026.30 
df 
2 
96 
2 
96 
2 
96 
MS 
77773.62 
3134.85 
31960.83 
1065.37 
434.28 
1052.36 
F 
24.81 
30.00 
0.41 
Result of ANOVA (Table-22) reveals that the calculated value of F 
=24.81 and 30.00 of ankle and knee joint axis displacement respectively, 
during the contact to follow through phases of soccer inside kick of 
different level male soccer players were significant. Whereas calculated 
value of F = 0.41 for hip joint does not differ significantly. Thus, the Least 
Significant Difference (LSD) have been calculated to determine the 
existence of significant difference amongst levels of player at different 
joints axis displacement during contact to follow through phases of inside 
kick. 
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Table-23 
Multiple Comparisons 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Levels(I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels(J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
' Difference 
(l-i) 
97.02* 
51.84* 
45.18* 
61.56* 
22.81* 
38.74* 
4.55 
2.61 
7.17 
Sig. 
0.00 
0.04 
0.01 
0.00 
0.06 
0.00 
0.57 
0.74 
0.37 
*The mean difference is significant at the .05 level 
The comparisons of Least Significant Difference (LSD) for mean of 
joints axis displacement from contact to follow through phases during 
inside soccer kick has been computed and presented in Table-23. The table 
reveals that high and medium, high and low; and medium and low level 
players showed significant mean difference for joint axis displacement in 
ankle and knee joints. Whereas in the hip joint axis displacement, there 
were no significant mean difference amongs different level players (high, 
medium and low) during contact to follow through phase of inside soccer 
kick. 
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DESCRIPTION OF ANGULAR VELOCITY AT 
VARIOUS JOINTS FOR DIFFERENT LEVEL PLAYERS 
OF INSTEP SOCCER KICK 
Table-24 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
13.96 
779.87 
7.89 
539.44 
5.84 
245.39 
(if 
2 
96 
2 
96 
2 
96 
MS 
6.98 
8.12 
3.94 
5.62 
2.92 
2.56 
F 
0.86 
0.70 
1.14 
Result of ANOVA (Table-24) reveals that the calculated value of F = 0.86, 
0.70 and 1.14 for angular velocity of ankle, knee and hip joint respectively 
showed no significant difference, during soccer instep kick of different 
level male soccer players. Thus Least Significant Difference (LSD) for 
instep angular velocity has been not calculated. 
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Graph-11 
Angular velocity at various joints of 
instep soccer kick 
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DESCRIPTION OF ANGULAR VELOCJ lY AT VARIOUS 
JOINTS FOR DIFFERENT LEVEL PLAYERS OF INSIDE 
INSTEP SOCCER KICK 
Table-25 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Vv ithin Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
52.72 
845.12 
80.59 
1038.62 
322.37 
df 
2 
96 
2 
96 
2 
328.84 j 96 
MS 
26.36 
8.80 
40.29 
10.82 
3.24 
3.36 
F 
2.99 
3.72 
0.96 
Result of ANOVA (Table-25) reveals that the calculated value of F = 
2.99 and 3.72 for angular velocity of ankle and knee joints respectively 
during soccer inside kick of different level male soccer players showed 
significant difference. Whereas calculated value of F = 0.96 for angular 
velocity of hip joint showed no significant mean difference. Thus, the Least 
Significant Difference (LSD) has been calculated to determine the 
existence of significant difference amongs different level players at various 
joint's angular velocity during inside instep kick. 
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Tuble-26 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Multiple Comparisons 
Levels (1) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels (J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference 
(I-J) 
1.61* 
0.14 
1.47* 
1.71* 
0.35 
2.07* 
0,25 
0.37 
0.62 
Sig. 
0.03 
0.85 
0.05 
0.04 
0.66 
0.01 
0.58 
0.41 
0.17 
* The mean difference is significant at the .05 level. 
The comparisons of Least Significant Difference (LSD) for mean of 
angular velocity of joints during inside soccer kick has been computed and 
presented in Table-26. The table reveals that htgh and medium levels; high 
and low levels for ankle joints, high and medium levels; high and low 
levels player for knee joint showed significant mean difference. Whereas 
medium and low level players for ankle joint; medium and low level 
players for knee joint, high and medium level; medium and low level, and 
high and low level players for hip joint showed no significant mean 
difference for angular velocity during inside instep soccer kick. 
143 
Graph-12 
Anguar velocity at various joints of 
inside instep soccer kick 
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DESCRIPTION OF LINEAR VELOCITY AT VARIOUS 
JOINTS FOR DIFFERENT LEVEL PLAYERS OF INSTEP 
SOCCER KICK 
Table-27 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
2171790 
19065870 
1026647 
14624501 
191753.3 
3366884 
df 
2 
96 
2 
96 
2 
96 
MS 
1085894.89 
198602.81 
513323.69 
152338.55 
95876.66 
35071.71 
F 
5.47 
3.37 
2.73 
Result of ANOVA (Table-27) reveals that the calculated value of F = 
5.47, 3.37 and 2.73 of ankle, knee and hip joints respectively, during instep 
kick for linear velocity of different level male soccer players. Hence, it can 
be concluded that the linear velocity of soccer instep kick of different level 
player differ significantly. Thus, the Least Significant Difference (LSD) 
has been calculated to determine the existence of significant difference 
linear velocity among different level players during instep kick. 
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Table-28 
Dependent 
variable 
ANKLE 
KNEE 
HIP 
Multiple Comparisons 
Levels (I) 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
Levels (J) 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
MEDIUM 
LOW 
HIGH 
Difference 
(I-J) 
300.67* 
25.49 
326.16* 
203.28* 
23.55 
226.83* 
95.36* 
4.14 
91.22 
Sig. 
0.01 
0.82 
0.00 
0.04 
0.81 
0.02 
0.04 
0.93 
0.05 
"The mean difference is significant at the .05 level 
The comparison of Least Significant Difference (LSD) for mean of 
linear velocity during instep soccer kick of different joints has been 
computed and presented in Table-28. The table reveals that high and 
medium; high and low level players at ankle joint; high and medium level, 
high and low level players at knee joint; and high and medium level player 
at hip joint showed significant mean difference. Whereas medium and low 
level at ankle; knee and hip joints; and high and low level players at hip 
joint does not differ significantly in joint's linear velocity during instep 
soccer kick. 
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DESCRIPTION OF LINEAR VELOCITY AT VARIOUS 
JOINTS FOR DIFFERENT LEVEL PLAYERS OF 
INSIDE INSTEP SOCCER KICK 
Table-29 
ANOVA 
ANKLE 
KNEE 
HIP 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
Between 
Groups 
Within Groups 
SS 
276310.9 
23049052 
282814.4 
9876331 
181509.3 
6343265 
df 
2 
96 
2 
96 
2 
96 
MS 
138155.45 
240094.30 
141407.18 
102878.45 
90754.65 
66075.68 
F 
0.57 
1.37 
1.37 
Result of ANOVA (Table-29) reveals that the calculated value of F = 
0.57, 1.37 and 1.37 for linear velocity of ankle, knee and hip joint 
respectively for different level (high, medium and low) male soccer players 
during inside instep kick showed no significant difference. Thus Least 
Significant Difference (LSD) for inside instep kick's angular velocity has 
been not calculated. 
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Graph-14 
Linear velocity at various joints of 
inside instep soccer kick 
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DESCRIPTION OF BALL VELOCITY FOR DIFFERENT 
LEVEL PLAYERS OF INSTEP SOCCER KICK 
Table-30 
ANOVA 
Between groups 
Within groups 
Sum of Squares (SS) 
192135.7 
299296.1 
Mean Square 
(MS) 
96067.84 
3117.67 
F 
30.81 
Result of ANOVA (Table-30) reveals that the calculated value of F = 
30.81 of ball velocity for different level male soccer players during soccer 
instep kick were significant. Hence, it can be concluded that the ball 
velocity in soccer instep kick of different level players differ significantly. 
Thus, the Least Significant Difference (LSD) has been calculated to 
determine the existence of significant difference between various level 
players' ball velocity during instep kick. 
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BALL VELOCITY 
Table-31 
Multiple Comparisons 
LEVELS (I) 
HIGH 
HIGH 
MEDIUM 
LEVELS (J) 
MEDIUM 
LOW 
LOW 
Mean Difference 
(I-J) 
82.46* 
10L51* 
19.05 
Sig. 
0.00 
0.00 
0.17 
"The mean difference is significance at the .05 level. 
The comparison of Least Significant Difference (LSD) for mean of 
different level player's ball velocity during instep soccer kick has been 
computed and presented in Table-31. The table reveals that high and 
medium and high and low level players showed significant mean difference 
in their ball velocity, whereas medium and low level players does not 
differ significantly of ball velocity during instep soccer kick. 
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Graph-15 
Ball Velocity during instep soccer kick 
E3High 0 Medium D Low 
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DESCRIPTION OF BALL VELOCITY FOR 
DIFFERENT LEVEL PLAYERS OF INSIDE INSTEP 
SOCCER KICK 
Table-32 
ANOVA 
Between groups 
Within groups 
Sum of Squares (SS) 
130110.40 
253820.70 
Mean Square 
(MS) 
65055.19 
2643.97 
F 
24.61 
Result of ANOVA (Table-32) reveals that the calculated value of F = 
24.61 of ball velocity of soccer inside instep kick of different level male 
soccer players were significantly different. Hence, it can be concluded that 
the ball velocity in soccer inside instep kick of different level players differ 
significantly. Thus, the Least Significant Difference (LSD) has been 
calculated to determine the existence of significant difference between 
different level players for ball velocity during inside instep kick. 
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BALL VELOCITY 
TabIe-33 
Levels (i) 
High 
High 
Medium 
Multiple Comparisons 
Levels (j) 
Medium 
Low 
Low 
Mean Difference 
(I-J) 
88.79* 
45.72* 
43.07* 
Sig. 
0.00 
0.00 
0.00 
*The mean difference is significance at the .05 level. 
The comparison of Least Significant Difference (LSD) for mean of 
different level player's ball velocity during inside instep soccer kick has 
been computed and presented in Table-33. The table reveals that high and 
medium, medium and low; and high and low level players showed 
significant mean difference in their ball velocity during inside instep soccer 
kick. 
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Graph-16 
Ball Velocity during inside instep soccer kick 
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Ball velocity of instep and inside instep soccer kicks among 
different level players 
Table-34 
Pair-1 
(High Level) 
Pair-2 
(Medium Level) 
Pair-3 
(Low Level) 
Instep and 
Inside-Instep 
Instep and 
Inside-Instep 
Instep and 
Inside-Instep 
df. 
32 
32 
32 
Mean 
61.93 
87.70 
84.76 
SD 
63.22 
61.61 
76.87 
Cal-t 
5.63 
8.18 
6.33 
High level soccer players during instep and inside instep kick 
leal = 5.63 
t-05,64= 1.96 at 5%. 
Since Itl^ ai is greater than t.05,64 therefore this shows that the mean difference 
exist significantly at 5% level. 
Table-34 reveals that the comparison of means of ball velocity of high level 
soccer players during instep and inside instep kick has shown Itlcai- = value (5.63) 
is greater than the t.05,64 values (1.96) at 5 % level. This statistical finding exhibit 
that the ball velocity among high level soccer players during instep and inside 
instep kick differs significantly. 
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Medium level soccer players during instep and inside instep kick 
ltlcal=8.18 
t-05,64 = 
1.96 at 5%. 
Since Itlcaiis greater than t.05,64 therefore this shows that the mean difference 
exist significantly at 5% level. 
Table-34 reveals that the comparison of means of ball velocity of medium 
level soccer players during instep and inside instep kick has shown Itlcai- = value 
(8.18) is greater than the t.05,64 value (1.96) at 5 % level. This statistical finding 
exhibits that the ball velocity among medium level soccer players during instep 
and inside instep kick differs significandy. 
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Low level soccer players during instep and inside instep kick 
ltUi=6.33 
t-05,64 = 1.96 at 5%. 
Since ItUi is greater than t.05,64 therefore this shows that the mean difference exist 
significantly at 5% level. 
Table-34 reveals that the comparison of means of ball velocity of low level soccer 
players during instep and inside instep kick has shown Itlcai = value (6.33) is 
greater than the t.05,64 value (1.96) at 5 % level. This statistical finding exhibit that 
the ball velocity among low level soccer players during instep and inside instep 
kick differs significantly. 
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EXAMINATION AND SUMMARY OF THE 
HYPOTHESES 
As per the design of the present study investigations of eleven 
hypotheses were required. Hypothesis numbers one to eight were 
tested using ANOVA. Statistical analyses of these data are 
presented in the results section suggests that all the hypotheses 
were rejected at 0.05. The hypotheses number nine to eleven 
were tested by applying t-test and found significant thereby 
rejecting the null hypothesis. Based on the results of this study, 
the following conclusion can be drawn on the hypotheses. 
1) There is a significant difference between different level 
male soccer players during different phase of instep kick. 
R E J E C T E D . 
2) There is a significant difference between different level 
male soccer players during different phase of inside 
instep kick. REJECTED. 
3) There is a significant difference between displacements 
at various joints of different level players: Initial to 
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contact phase of instep kick; Contact to follow through 
phase of instep kick. R E J E C T E D . 
4) There is a significant difference between displacements 
at various joints of different level players: Initial to 
contact phase of inside instep kick; Contact to follow 
through phase of inside-instep kick. R E J E C T E D . 
5) There is a significant difference between linear velocities 
at various joints for different level players of instep 
soccer kick. R E J E C T E D . 
6) There is a significant difference between linear velocities 
at various joints for different level players of inside 
instep soccer kick. R E J E C T E D . 
7) There is a significant difference between angular velocity 
at various joints for different level players of instep 
soccer kick. R E J E C T E D . 
8) There is a significant difference between angular velocity 
at various joints for different level players of inside-
instep soccer kick. R E J E C T E D . 
9) There is a significant difference of ball velocity for 
different level players of instep soccer kick. 
R E J E C T E D . 
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10) There is a significant difference of ball velocity for 
different level players of inside-instep soccer kick. 
REJECTED. 
11) There is a significant mean different of ball velocity for 
instep and inside instep kicks of different levels of 
player independently (High v/s High) (Medium v/s 
Medium) (Low v/s Low). R E J E C T E D . 
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DISCUSSION OF FINDINGS 
The objective of the study was to investigate the kinematics of Instep 
and Inside-Instep foot kick of male soccer players and to determine the 
effect of selected kinematical variables on ball's velocity of male soccer 
player. The present study was also soughted to determine which selected 
kinematical variables contribute most significantly to the male soccer 
players and to level of players. 
In the present study the sequence of soccer kicks have been studied 
on three phases (i.e. Initial, Contact and Follow Through). The soccer kicks 
were analysed in many studies and certain movements of the kick were 
divided into different phases. Pronk's study (1991), "The Soccer Push 
Pass," has been very extensively used in determining different phases. In 
his particular study, the soccer kick was divided into three phases; the 
approach phase, the contact phase and the follow through phase. In another 
study (Nunome, et al. 2002), the soccer kick was divided into the 
backswing phase, the leg-cocking phase and the leg acceleration phase. 
The limitation of the present study was two dimensional (2D). 
However, various investigators have studied soccer kick motion in both 
two dimensional (2D) as well as three dimensional (3D). Nunome et al. 
(2006) examined the effect of two and three-dimensional filming 
procedures on the results of knee angular kinematics during soccer instep 
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kicking. The 2D standard's computing process of the angular velocity was 
most likely responsible for its distorted changing pattern of the knee 
angular velocity. Rodano and Tavana (1993) conducted a three-
dimensional analysis of the instep kick and found a larger discrepancy 
between the two- and three-dimensional analyses for angular measures. 
However, it is still unknown whether data calculated in the two-
dimensional procedure were over or underestimates compared with those 
from the three-dimensional procedure. 
Walton (1981) reported that in two-dimensional planar analysis, 
using a multiplier to convert film images to real scale values. A single 
camera was placed at a specific distance from a subject and aligned 
perpendicular to the plane of motion. Also a rigid bar of known length was 
placed in the plane of the motion and then filmed, while data reduction and 
image length of the bar was used in conjunction with its known length, to 
obtain a single scaling coefficient, which was called a multiplier. This 
multiplier was then used to convert displacements in the film image to real 
scale displacements in the plane of motion. 
The potency of soccer kick is supported by the power of the kick 
which in turns ascertains the velocity of the ball. The velocity of the ball is 
affected by the power generated at the time of kick. The power generated 
for the kick is the summation of different body segments coordination and 
momentum gained in sequential adaptation. The momentum of the 
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individual segments motion is produced by the angle, displacement of 
segments (kinematics) at per unit of time. Thus, an angle, displacements of 
segment involved in the motion does require special attention to justify the 
velocity of the ball. And in contrast it reflects the variation of ball velocity 
in the kinematics of the body segments. 
The study result shows that in instep kicks for ball velocity of the 
high level player differs significantly with medium and low level player, 
whereas ball velocity of the medium and low level player does not differ 
significantly. When the ball velocity have been analysed in terms of the 
joint angles of instep kick at initial phase, for different level male soccer 
players that ankle and knee joint angles showed significant difference. 
However, hip joint angle showed insignificant mean differences among 
different levels of player. Further it revealed that at ankle joint angle- high 
and medium; high and low level players showed significant mean 
difference. For the knee joint angle- high and low level players showed 
significant mean difference. Some of the previous studies are analogous to 
the present study. Segmental rotations in multiple planes are observed 
throughout the instep kick. Arpinar et al. (2007) have studied consistency 
of the lower limb acceleration patterns during inside and instep soccer 
kicks. The study examines the consistency of the lower limb acceleration 
patterns of two soccer kicks. Differences in the RMS SD values of 
acceleration waveforms measured at knee were statistically significant for 
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all axes between inside and instep kicks, whereas it was only significant for 
X and y axis at ankle (p<0.05). Correlation coefficient between RMS SD 
values at knee and ankle in the relevant limb was higher for instep kick. 
The findings of study revealed that the inside kick with smaller precision 
error have higher consistency considering the acceleration patterns of the 
lower limb. 
Previous study on the instep soccer kick: novice vs experienced 
player (Noland and Feeley, 2001) reveals that the knee joint angle motion 
patterns were different for the two kicks. The experienced players knee 
joint (left) began with flexion (114 degrees), and the novice kick (right) 
also started with flexion (100 degrees). The variations of knee joint angle 
for the experienced kick and for the novice kick. And in another 
investigation conducted by Levanon and Dapena (1998) reported that in 
full instep kick as the kicking foot took off the ground pelvis started 
rotating backward and tilted leftward. During this period hip reached a 
maximum extension of -29° ± 13°, knee attained a maximum flexion of -
113° ± 9° and a small motion of ankle extension (plantar flexion) occurred 
between take off and impact of the foot with the ball (75°±13° to 56°±3°). 
The result indicated for joint angles of instep kick at contact phase 
for different level male soccer players showed significant difference for 
ankle and knee joint angles. Further it revealed that at ankle joint angle-
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high and medium level players showed sigrsificant mean difference. For the 
knee joint angle- high and medium; high and low level players showed 
significant mean difference. From the previous study it can be understood 
that as the hip angle almost decides in the force produced of kick, may be 
because of this reason the hip angle of different level players have not 
shown the significant difference. 
The studies by Roberts and Metcalfe (1968) and Copper et al. (1982) 
also agreed that the hip action makes an important contribution in the early 
force-producing phase of the kick. As the thigh is swung forward by hip 
flexion, leg begins to rotate and carries the leg and foot with it. The knee 
extension starts the moment thigh past the perpendicular and become 
primary contributor in the final force-producing phase of the kick. The 
velocity of kicking leg is determined by the knee extension and hip flexion; 
although the latter action does not occur on impact pelvic rotation may be 
acting at the time of contact. However there is little or no hip action in the 
final phase. 
Shibukawa (1973) considered the body of the kicker at impact as a 
system of rigid bodies connected at three joints, the hip, knee and ankle 
and theoretically calculated the effect of foot velocity and joint fixation on 
ball velocity. He concluded that ball velocity was greatly influenced by 
joint fixation of the kicking leg as well as foot velocity at impact. 
169 
In the joint angles of instep kick at follow through phase for 
different level male soccer players that ankle and hip joint angles showed 
significant difference. Further it revealed that at ankle joint angle- high and 
medium; and high and low level players showed significant mean 
difference. For the hip joint angle- high and medium and high and low 
level players showed significant mean difference. 
Lewicki et al. (1999) the hip joint angles were similar in extension 
and flexion movements. The range of motion of the hip joint was the same 
for extension and flexion movements, 76 degrees. However, the maximum 
angles differed. The maximum extension angle was 194 degrees for 
dominant leg kicks, and a maximum flexion angle for dominant leg kicks 
was 118 degrees. The knee joint angle motion pattern was similar for the 
dominant and non-dominant leg full in-step soccer kicks. The differences 
in range of motions resulted in variation between maximum flexion and 
extension angles. The maximum flexion angle was 276 degrees for 
dominant and maximum extension angles was 181 degrees for dominant 
leg. 
The inside instep kick and instep kick in soccer differs from each 
other in mechanical characters, as the inside instep kick is mechanically 
executed with the inside part of the foot holding horizontally and rotating 
the leg outwardly form the hip, whereas the instep kick is performed with 
the instep or shoe lacing part of the foot by planter flexing the foot (tip of 
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tof facing the ground) without rotating the leg. These mechanical 
(kinematical) deviations of the leg and foot motion have influenced the 
potency of inside instep soccer kick. The self-regulating kinematical factor 
of the kick in turns has ascertained a diversified coordination and 
combination of segments then the instep kick in generation of power for the 
velocity of the ball. When the angle of segments (kinematics) of inside 
instep kick was analyzed at different position (initial, phase, contact phase, 
and follow through phase), it was revealed that joint angles of inside instep 
kick at initial phase for different level male soccer players that ankle and 
knee joint angles showed significant difference in terms of ball velocity. 
However, hip joint angle showed insignificant mean differences among 
different levels of player. Further it revealed that different level (high, 
medium and low) players showed significant mean difference among them 
in ankle joint angle. For the knee joint angle- high and medium; and high 
and low level players showed significant mean difference, whereas medium 
and low level players showed insignificant mean difference. 
From the previous study it can be understood that ankle and knee 
joint angles does not contribute much in kicks, thus all levels of players 
manipulate the ankle and knee joint angles at comfortable positions which 
varied in angles, hence showed significant differences. As the hip joint 
angle is instrumental in the force producing in kick. Thus all level of 
players have similar angle of motion to produce maximum impact force on 
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the ball, may be because of this reason the hip angle of different level 
players have not shown the significant difference. 
Several investigators such as Robert and Metcalf (1968); Copper et 
al. (1982); Levanon and Depana (1998) described that the hip action makes 
a substantial contribution in the early force-producing phase. As the thigh 
was swing forward by hip flexion, it carries the leg and foot with it, which 
he'ps in generating a high velocity in the other parts of the kicking limb. 
The joint angles of inside instep kick at contact phase for different 
level male soccer players showed significant difference for ankle and knee 
joint angles. However, hip joint angle showed insignificant mean 
differences among different levels of player. Further it revealed that at 
ankle joint angle- high and medium; high and low level players showed 
significant mean difference. For the knee joint angle- high and medium; 
high and low level players showed significant mean difference. 
Lees (1996) in his investigation reported that in kicking large impact 
of foot with the ball serves to forcefully plantar flexing the ankle and it 
will do so until the bones at the ankle joint reach their extreme range of 
motion. Levanon and Dapena (1998) found a motion of plantar flexion of 
the ankle joint between the take-off and ball contact. This phenomenon was 
not evident in this subject, perhaps due to individual differences of subject. 
Noland and Feeley's (2001) study showed that the hip joint angles 
were greater in the experienced kick than in the novice kick. The minimum 
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flexion joint angle for the experienced kick was 129 degrees, and the 
novice kick was 164 degrees. The range of motion for the experienced kick 
was also larger (130 degrees) than the novice kick (42 degrees). The knee 
joint angle motion patterns were different for the two kicks. The 
experienced knee joint began with flexion, followed by extension (157 
degrees), and then flexion again (114 degrees). The novice kick also started 
with flexion (100 degrees) followed by extension (165 degrees), but there 
was no final flexion. The range of motion was 43 degrees for the 
experienced kick and 65 degrees for the novice kick. The difference in the 
result of hip joint angle from the present study may be due to the difference 
of two dimensional and three dimensional analysis of the skill. 
For joint angles of inside instep kick at follow through phase for 
different level male soccer players that ankle and hip joint angles showed 
significant difference. However, knee joint angle showed insignificant 
mean differences among different levels of player. Further it revealed that 
at ankle joint angle- high and medium; and high and low level players 
showed significant mean difference. For the hip joint angle- high and 
medium level players showed significant mean difference. 
Robert and Metcalf (1968); Copper et al. (1982); Levanon and 
Dapena (1998) described that the hip action makes a substantial 
contribution in the early force-producing phase. As the thigh was swung 
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forward by hip flexion, it carries the leg and foot with it, which helps in 
generating a high velocity in the other parts of the kicking limb. 
The biomechanics of kicking have been studied by several authors 
(Asami and Nolti, 1983; Robertson and Mosher, 1985) but not much 
research to compare the result of displacement of the joint axis at different 
phases. An attempt was made to understand the mechanics underlying the 
displacement of joint axis (hip, knee, and ankle) in terms of ball velocity 3t 
different phases (initial to contact phase and contact to follow through 
phase) in both types of kick (instep kick and inside instep kick) for 
different levels pf players. The results of the ball velocity for instep kick 
indicate the significant difference between high and low level, high and 
medium but not between medium and low level players. Pertaining to ball 
velocity the analysis of displacement at various joints axis of different 
level players at initial to contact phase of instep kick that ankle and hip 
joint axis showed significant difference in displacement. Further it revealed 
that high and medium; high and low level players for ankle joint axis; and 
high and low level players for hip joint axis showed significant mean 
difference in displacement. The mechanics indicates that the greater mean 
displacement of the ankle and hip axis of high level players from medium 
and low level players have made the significant difference in ball velocity. 
During the instep kick the comparing of displacement in both the novice 
and the expert researchers found an overall trend that the displacement of 
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the novice was much smaller than that of the expert. This is an explanation 
as to why it took the novice 13 frames until the point of contact, while it 
took 11 for the expert. The overall total of frames also varied between the 
novice (25) and the expert (18) because points were tracked until the soccer 
ball disappeared from the screen. Therefore, the novice who displaced less 
would take longer to get to the same point as the expert (Lewicki et al., 1999 ). 
The displacement at various joints axis of different level players at 
contact to follow through phase of instep kick that all the joint (ankle, knee 
and hip) axis displacement showed significant difference in displacement. 
Further it revealed that high and medium levels; high and low levels for 
ankle joint axis; high and medium levels; high and low levels player for 
knee joint and high and medium level soccer players for hip joint axis 
displacement showed significant mean difference. Whereas the medium 
and low level players for ankle joint; medium and low level for knee joint 
axis; medium and low level and high and low levels player for hip joint 
axis showed insignificant mean difference for displacement from contact to 
follow through phases during instep soccer kick. 
Shinkai et al. (2006) have studied on foot movement in impact phase 
of instep kicking in soccer. They performed several types of maximum 
instep kicking with various ball contact positions on the foot. The three-
dimensional movement of the foot was calculated from the local coordinate 
system fixed on each segment. The largest angular displacement was 
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observed for plantar flexion motion of foot and the smallest was 
represented for abduction motion. The foot forced into plantar flexion, 
abduction and eversion during ball impact phase of the instep kicking. 
Smith et al. (2006) have studied the three-dimensional kinematic 
variables during performance of a lofted instep soccer kick. Three-
dimensional angular displacement patterns were reported for the 
thoraolumbar spine and right hip joints. Two-dimensional angular 
displacement data was reported for the right knee and ankle joints. An 
exploratory rather than confirmatory factor analysis was applied, as there 
was no established theory regarding the kinematics of a lofted instep kick. 
The mechanical characteristics of instep kick and inside instep kick 
in soccer differs from each other. In contrast to the result of ball velocity 
for instep kick, the inside instep kick show significant difference amongst 
all level players (high to medium, high to low and medium to low level 
players). The displacement at various joints axis of different level players 
at initial to contact phase of inside instep kick that knee joint axis showed 
significant difference in displacement. However, ankle and hip joint axis 
displacement showed insignificant mean differences among different levels 
of player. Further it revealed that high and low level players for knee joint 
axis showed significant mean difference in displacement. However; high 
and medium, and medium and low level players showed insignificantly in 
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joint axis displacement during initial to contact phases of inside soccer 
kick. Whereas, for the ankle and hip joints revealed that there were no 
significant mean differences between the different level (high, medium and 
low) players. This indicates that the displacement of only knee joint axis of 
high level players have greater displacement in comparison to low level 
players, but the difference was small. The curving movement of the leg 
might be the reason to differentiate the displacement of various joint axis 
which have resulted in non significance. 
For displacement at contact to follow through phase at various joints 
axis of different level players of inside instep kick, the ankle and knee joint 
axis displacement showed significant difference. However, hip joint axis 
displacement showed insignificant mean differences among different levels 
of player. Further it revealed that high, medium and low level players 
showed significant mean difference among them for ankle and knee joints 
axis displacement. Whereas hip joint axis displacement showed 
insignificant mean difference among different level players (high, medium 
and low) during contact to follow through phase of inside soccer kick. 
Noland and Feeley (2001) investigate the linear displacement of the 
knee joint for the experienced and novice soccer kicks were different. The 
knee moved a total horizontal distance of 0.84 meters during the 
experienced kick and a total horizontal distance of 0.59 meters during the 
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novice kick. The vertical displacemeiit for the experienced and novice 
kicks was 0.67 and 0.24 meters respectively. 
Basumatary (2001) studied the angular displacement of hip, knee and 
ankle joint of the kicking limb revealed no major difference in the pattern 
of hip displacement, while kick were taken from different approach angles. 
The displacement of the ankle angle showed similar pattern in all the kicks 
taken from all approach angle. As the research was conducted on different 
angles, thus the result of the present study differed from the previous study. 
The angular velocity of the segment is one of the factors that 
generate momentum of the segment as a whole. The mechanics of the 
angular velocity describes how much angle is covered by the segment in 
unit of time. The result of the study indicated for angular velocity of ankle, 
knee and hip joint showed no significant difference during soccer instep 
kick amongst different level (high, medium and low) male soccer players. 
The non significance is due to the velocity generated by all level players 
are similar or have very small differences, but there are significant 
difference in ball velocity between level of players. The mechanical 
underlying of ball velocity is based on the impact force and time on the 
ball. The impact force is the product of velocity, segmental mass and 
duration of contact (Isokawa & Lees, 1998). The different level players 
have the varied in final impact forces may be due to segmental mass and 
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time duration contact of different level players to show the significance 
difference in ball velocity. 
An the investigation conducted by Levanon and Dapena (1998) 
reported that at impact (contact of the kicking foot with ball) pelvis 
virtually remained neutral but hip was flexed at 22° ± 9° with an angular 
velocity of about 1000 deg/s and a very rapid extension of knee was 
observed reaching an angular velocity of 1520 ± 400 deg/s. The ball 
velocity (M= 28.6 m/s) depended on the speed of the foot which was 
similar to the value reported by Plagenhoef (1971) and Roberts and 
Metacalfe (1968). These studies highlight the importance of knee joint 
angular motion in the kicking task and its contribution to maximum foot 
velocity. Anderson and Sidaway (1994) also reported similar findings. The 
difference of the analytic procedure 2D and 3D may be the reason of the 
differences in result from the present study. 
A continuum of technique was evident among the kickers. At one 
end, kickers displayed relatively larger knee angular velocities and smaller 
thigh angular velocities at ball contact. At the other end, kickers produced 
relatively larger thigh angular velocities and smaller knee angular 
velocities at ball contact. To increase kicking distance, increasing foot 
speed and shank angular velocity at ball contact, increasing the last step 
length and optimizing ball position relative to the ground and support foot 
are recommended (Kevin Ball, 2007). The experimental group improved 
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significantly maximum ball speed, the linear velocity of the foot, ankle and 
angular velocity of all joints during the final phase of the kick 
(Manolopoulos et al. 2006). 
The result of the study indicated for angular velocity at various joints 
of different level players of inside instep kick that angular velocity of ankle 
and knee joints showed significant mean difference. But, the hip joint 
showed insignificant mean differences among different levels. However 
high and medium level; and high and low level players for ankle and knee 
joint showed significant mean difference. Medium and low level players 
have showed insignificant mean difference. As the hip has to move very 
small angle for all level players, at the other hand due to curving movement 
in this kick has resulted in much reduced angle of movement and have very 
small differences in angular velocity to draw significance. The better 
coordination and muscles power to quicken the extension of the knee and 
ankle joint by high level players have brought about the difference in the 
angular velocity to correlate the significance of the ball velocity. 
The result of an investigation conducted by Levanon and Dapena 
(1998) also confirms that flexion and extension at the knee made the 
largest contribution to the final speed of the kicking foot (86%).Nunome et 
al. (2002) reveal in his study that hip external rotation angular velocity of 
the side-foot kick increased rapidly during the leg- acceleration phase, 
whereas that of the instep kick was very small. The magnitude of hip 
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external rotation angular velocity was significantly larger than that of the 
side-foot kick. 
Angular velocities determine the linear foot velocity, which in turn 
determines the velocity of a soccer ball during soccer kick, this is due to 
summation of segmental velocities (Isokawa & Lees, 1998) it has also been 
shown in literature that the dominant kicking leg produces ball distance 
that are greater when compared to the non-dominant leg. The shank angular 
velocity increases as the knee extends towards the ball. Shank angular 
velocity is the result of the moments exerted by the knee joint muscles, the 
moment due to angular velocity and linear acceleration of the thigh, the 
moment due to gravitational acceleration of the shank and the moments due 
to hip acceleration (Putnam, 1991). Knee angular velocity at ball contact 
(1364°/s) was less than the 1540 /s for the long kicking group and the 
1390°/s for the short kicking group in the study of (Baker and Ball, 1996). 
Noland and Feeley (2001) have found the angular velocity patterns 
for the hip joints of the experienced and novice kicks were different. The 
experienced kick (left) displayed a maximum (flexor) velocity of 741 
degrees/second, whereas the novice kick (right) displayed a maximum 
(flexor) velocity of only 235 degrees/second. The minimum (extensor) 
angular velocity of the experienced kick was 418 degrees/second whereas 
the minimum (extensor) velocity of the novice kick was only 286 
degrees/second. 
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It has been reported that the maximal angular velocity of the shank 
was reached on the average 9 ms before the contact of the foot and ball 
(Luhtanen, 1988). Ankle and toe velocities reached their peaks just before 
impact and from 40-50 ms after the peak velocity of the knee. Swing time 
was the time from the landing of the support leg until the contact with the 
ball. The range of times for this portion of the kick has been reported to be 
between .13 and .15 second. It has been suggested that there may be two 
types of kicking pattern within the instep kick: one used a long backswing 
and had a longer kicking time, the other used a small backswing and moved 
the lower leg sharply by knee extension which resulted in a shorter kicking 
time (Isokawa & Lees, 1988). 
In instep kick the motion of the leg as a whole moves almost in 
linearity without any curvature. Thus the distance covered by the segment 
can be measured with much correction and to very small error. The linear 
velocity can be calculated with out any hiding distance units. It is clear 
from the review of literature that high level players move their segments 
much faster then the medium and low level players, at the other hand they 
can manipulate every segment at best to suite to the needs i.e. ball velocity. 
The result of the study indicated for linear velocity at various joints of 
different level players of instep kick that velocity of ankle, knee and hip 
joints showed significant mean difference. However, high and medium 
level and high and low level players at ankle and knee joint and high and 
182 
medium level player at hip joint showed significant mean difference. 
Whereas medium and low level at ankle, knee and hip joints and high and 
low level players at hip joint does not differ significantly in joint's linear 
velocity during instep soccer kick. 
The nature of the kick constrains the identification linearity of 
segmental motion to the perfection and error hinders the results 
appropriateness. The result of the study indicated for linear velocity of 
ankle, knee and hip joint showed no significant difference, during soccer 
inside instep kick among different level (high, medium and low) male 
soccer players. This makes it clear that the motion with curvature needs to 
be analysed in terms of 3D process. 
The sum of linear velocities acting on each joint determines the 
resultant ball velocity of the kick. The primary contributors of force in the 
instep kick are reported to be hip flexion, knee extension and pelvic 
rotation. The summation of these three forces composes the force 
producing phase of the kick (Heyward, 1971). 
In a soccer kick, maximal velocities of the leg occur in order 
beginning first with the thigh, then the knee, the lower leg, the ankle, and 
finally the foot. Knee linear velocity has been found to reach its peak 
between 40-70 ms after peak hip velocity was reached (Isokawa & Lees 
1988). 
Literature has shown that constraints on range of motion led to lower 
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linear velocities of leg segments, especially with the knee science the 
greatest contributor to foot linear velocity was from knee extension 
(Courtney, 2000). The variation of the range of motion of different level 
players (low, medium and high) have shown significant mean difference in 
instep kick, whereas in inside instep kick the variation in the range of 
motion might not have been detected due to 2D analysis as the leg (Ankle, 
Knee and hip) had strong across in an arc. 
Execution of a kick which aims to maximize ball velocity largely 
depends on the high velocity of the foot prior to impact and a small foot 
deformation at impact. Using a different methodological approach, 
Tsaousidis and Zatsiorsky, (1996) estimated that more than 50% of the 
ball's speed was imparted to the ball without any contribution of the 
potential energy of the ball deformation. It was suggested (Tsaousidis and 
Zatsiorsky, 1996) that ball speed was affected by two factors. Firstly, the 
energy or momentum was the result of the coordinated movement and 
mechanical behaviour of the foot before impact and secondly, the energy 
which was due to muscle work produced during the collision phase. 
Knee linear velocity reaches its peak between 40-70 ms after peak 
hip velocity was reached (Isokawa & Lees 1988). The angular motion on 
the thigh segment stops when the knee was approximately in a position 
over the ball. The thigh was almost stationary at impact, while the leg and 
foot have reached peak velocity and zero acceleration (Huang et al 1982). 
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The phenomenon of the thigh slowing down or stopping before impact with 
the ball prior to speeding up in the follow through may not be well known, 
since the time during which this occurs was so short it was difficult to 
observe visually. The exchange of angular velocities between the proximal 
and distal segments would suggest that there might be some transfer of 
angular momentum between the larger thigh and the smaller leg. Recent 
findings suggest that the thigh slows down due to the action of the shank as 
it accelerates toward the ball (Dunn & Putman 1988). It was concluded that 
in a kicking movement the thigh deceleration was primarily influenced by 
the motion of the lower leg, and not by the resultant joint moment about the 
hip. MacMillan (1976) reported linear hip velocity to be significant in 
regression predicting foot speed. It was of importance that simple 
increasing approach speed had a strong influence on foot speed, as easily 
controlled variable for the players. 
The most important reflection of the study is that during instep 
soccer kick different level of players showed significant mean differences 
in the ball velocity. The high and medium and high and low level players 
significantly differ in their mean ball velocity. The medium and low level 
player does not differ significantly. During inside instep kick ball velocity 
of different level players amongst high, medium and low level players 
showed significant mean difference. The significant kinematic (joint 
angles, displacement, linear velocity and angular velocity of ankle, knee 
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and hip) variations resulted from the analysis must needs to be considered 
for correction, training and other factors to enhance ball velocity 
performance. 
When the comparisons of mean of instep and inside instep kick of 
different corresponding level players were analysed for ball velocity it has 
revealed a significant differences in high level, medium level, and low 
level players. The high level player have showed Itlcai- = Value (5 63), 
greater than the (tabulated) t.05, 64 value (1.96) at 5 % level. The ball 
velocity among high level soccer players differ significantly. The medium 
level players have showed Itlcai- = Value (8.18), greater than the t.05,64 value 
(1.96) at 5 % level. The ball velocity among medium level soccer players 
differ significantly. The low level players have showed Itlcai- = Value 
(6.33), greater than the t.05,64 value (1.96) at 5 % level. The ball velocity 
among low level soccer players differ significantly. 
In the study conducted by Barfield (1993) reported that there exist a 
relationship between the velocity of ball and the kinematic variables of the 
dominant side of the kicking limb. The kinematic variables that were 
correlated are maximum linear velocities of toe (M= 21.50 m/s), knee (M= 
10.05 m/s) and linear velocities of toe (M= 19.17 m/s) and ankle (M= 15.50 
m/s) and angular velocity of knee (M= -1599.03 deg/s) at ball contact. 
Further he reported that at ball contact the linear velocity of the toe and the 
angular velocity of knee attained maximum for dominant leg. The release 
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velocity of the ball was also correlated significantly to body 
anthropometrics (weight, r=0.928; height, r=0.911; age, r=0.932) and also 
it were highly correlated to the maximal moments produced during hip 
flexion (r=().932), knee extension (r=0.937) and ankle stabilization 
(r=0.935) in the kicking limb (Luhtanen, 1988). 
The release velocity of the ball with respect to timing had the 
strongest relationship to the maximal torque produced during the 1) Hip 
flexion, 2) Knee extension and 3) Short ankle stabilizing in the kicking leg. 
Also the relationship between the maximal resultant forces of the thigh and 
shank and the release velocity of the ball was strong. The relationship 
between the release velocity of the ball and age was high but less than with 
weight or height. Thus the increase of the body mass means increase in the 
mass of the foot and this automatically increases the release velocity of the 
ball in the kick. The player can also influence the effective mass of the foot 
by instantaneously changing muscle tension in the muscles around the 
ankle. The regulation of the effective mass in the kicking foot might play 
an important role for getting the high release velocity to the ball (Luhtanen, 
1988). 
Shinkai et al. 2007 found the ball velocity exceeded foot velocity 
when the ball was maximally deformed. It was suggested that the foot does 
not directly increase the ball velocity after the contact moment, 
nevertheless the foot contact with the ball. Alterations in moment of inertia 
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had not affected the velocity of the ball. It appeared, therefore, that rotating 
the whole leg at the time of impact would lead to lower velocity of the foot 
and the ball. If the aim of the kick was to maximize ball velocity, then this 
technique was not recommended (Bull-Andersen et al., 1999). 
Bull-Andersen et al. (1999), reported that the result that ball velocity 
in soccer kicking was due to foot speed and the coefficient of restitution 
between foot and ball. The skillful soccer player produces high ball 
velocity by maximizing angular velocities of the thigh and shank. (Asami 
et al. 1968) The accuracy of kicks depends mainly on the contact area of 
foot with the ball. The bigger the ball the better the accuracy. Accuracy in 
kicking has been the highest when the velocity of the ball has been 80 % of 
the maximal velocity. 
Day (1987) reported mean maximum ball speeds for children aged 
8±14 years of 12.0±15.5 m s- 1; this is in agreement with Luhtanen (1988), 
who reported values of 15.0± 22.0 m s- 1 for children and young adults 
aged 10± 17 years. It would appear that skill level, approach speed and 
maturity all affect ball speed. 
The average ball velocities of the side-foot and instep kicks were 
23.4 1.7 m-s__i and 28.0 _ 2.1 m-s_i, respectively. The initial ball velocity 
of the side-foot kick was significantly slower than that of the instep kick. 
Levanon and Dapena (1991) investigate the collegiate players 
performing the side-foot (22.5 _ 1.8 m-s_i and 18.3 _ 1.8 m-s_i, 
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respectively) and instep (28.6 _ 2.2 m-s_i and 21.6 _ 2.0 m-s_i, 
respectively) kicks, respectively. He concluded that the slower ball speed 
observed for the side-foot kick was not due to the quality of impact but 
due almost exclusively to the slower final speed of the foot in that kick. 
The results of the present study confirmed their results by showing the 
similar slower ball and foot velocities of the side-foot kick than those of 
the instep kick. 
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Chapter-V 
SUMMARY, CONCLUSION AND 
RECOMMENDATIONS 
The origin of football is vague. Games revolving around the 
kicking of a ball have been played in many countries throughout history. 
According to Federation de International Football Association (FIFA) 
the "very earlier from the game for which there is scientific evidence 
was an exercise of precisely this skillful technique dating back to the 2"*^  
and 3'^ '' centuries BC in China (the game of Cuju)". In addition, the 
Roman game Harpastum may be a distant ancestor of football. Many 
other variants of the game was played in different part of medieval 
Europe though rules varied greatly both by period and location. 
In India the game is also very popular, played and followed across 
length and breadth of the country. The Britishers introduced this game 
during the colonial period and it soon caught the fancy of the native 
masses and Bengal become its strong foothold Durand Cup, the third 
oldest football tournament in the world was started in 1898 in Shimla by 
the foreign secretary, Sir Mortimer Durand. Soon the number of 
tournaments and the spread of game both increased leading to the 
formation of All India Football Federation (A.I.F.A.) in 1937. 
The performances of soccer players for the developed nations of 
the world have advanced their research in motor action for the game of 
soccer. The player tries to exhibit different level of speed and 
trajectories of the ball, all with high level of precision in execution of 
their skills. The only way to reach these chosen objectives is by 
controlling the mechanical variables, the dynamics and motor 
coordination of various joints and body segments especially of lower 
limbs. Approaching and analysing soccer phenomena in an objective 
manner pose no mean challenge to both professionals in soccer business 
and to sports science researchers. 
Many studies (Asami et al., 1968; Barfield et a!.; 2002, Isokawa and 
Lees 1988; Kellis and Katis, 2007; Nunome and Ikegami 2006.) have been 
done to understand fundamental soccer skills, and some have especially 
focused on kicking. The instep kick is the most powerful kick in the 
sports of soccer. Instep kicking is one of the most fundamental and 
frequently used skills. Players often use instep kick more effective for 
maximum force and distance i.e. a long pass or a shot at goal. The 
soccer instep kick and inside instep kick has received very little 
attention in the scientific literature till date, although it is the most 
frequently used during the game. Almost 60 percent of techniques used 
in a soccer game were instep kicks. 
In India, no researches have been undertaken till date in sports 
biomechanics. In the computer era, the motion analysis software and 
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programming made biomechanical research especially in kinematics, 
possible to read the sports motion. Hence, I have taken up this study to 
find out the resultant velocity of the ball in relation to kinematics 
variables of different level players. 
Purpose of the present study was to describe the kinematics of 
instep and inside instep soccer kick, determine those kinematical 
variables that closely related to resultant ball velocity, gain a better 
understanding of mechanics of the instep and inside instep kick in 
soccer, identify the kinematic aspects of instep and inside instep soccer 
kick and to understand its different mechanics and the effects of soccer 
kick at different joint of different level players. 
In order to achieve these purposes, ninety-nine skilled soccer 
players were randomly selected for the study from different levels (i.e. 
high, medium and low). All the selected players had readily agreed and 
volunteered to act as subject for the study. 
The researcher collect data of national and inter-university level 
players designated as high level players; state competition and inter-
college tournament players for medium level players; and representing 
play in district competition as low level players. In order to maintain 
homogeneity only right-footed kickers were selected for the study. The 
selection of subjects of each level was done by random method, the 
selected subjects were initiated through concerned coaches, and later 
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direct contacts were made. The coaches provided names of the potential 
players who were free of any type of injury in the lower extremities. 
The subject's anthropometric measurements, the body weight of 
each subject were measured in kilogram using a simple weighing 
machine. Height was measured by a vertical ruler and segmental length 
as lower leg length, thigh length, foot length, were measured with the 
help of measuring tape in centimeters. 
The subject's kicking motion were recorded using VLC Hard Disk 
video cameras in a field setting. The cameras were set-up on a rigid 
tripod and secured to the floor in the location. In order to obtain 
maximum accuracy in the reconstruction of the two-dimentional co-
ordinates, the location of the cameras were chosen in such a way that the 
optical axes of the cameras intersected perpendicularly on both planes 
namely sagittal plane and frontal plane. 
One camera was positioned perpendicular to the sagittal plane and 
parallel to the mediolateral axis (camera optical axes perpendicular on 
the sigittal plane) as their kicking leg giving approximately a 90" 
between their respective optical axes. 
Other camera was positioned five meter behind five meter behind 
the stationary ball position with the camera's optical axis perpendicular 
to the frontal plane for measuring the leg motion of players during 
instep and inside instep soccer kick. 
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The cameras were elevated 95 cms. from the ground and tilted in 
order to get the image of the subject as large as possible while all points 
of interest remained totally within movement. The camera was operated 
by the researcher assistant. Once the signal was given, the subject began 
to execute the whole range of kicking motion. 
The vediographic data were collected from time to time according 
to the competition schedules. The data of high-level players were 
collected during the inter-university competition at Pantnagar. The data 
of medium level players were collected during the open state 
competition at Bijnor stadium and the low-level players data were 
collected from district level competition held at Aligarh stadium. After 
the video recording sessions were over, the video recording was loaded 
into the researcher's personal computer (PC) for trail identification. The 
identified trail were played with the help of Hero Video of Hero Super 
Player 3000 software to make separate clips of each player for separat 
kicking skills. The separate clips were then opened on to the Motion 
Analysis Tool (MAT) software. This software provides to identify the 
angles, displacement, time and number of frames. 
For identification of the subject in the video graph, each subject 
was given a code/number as to distinguish them in the data recorded. 
For identification purposes of a best kick, the trails were viewed on the 
computer system with expert on the subject (football) to demarcated the 
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trail for the data acquisition. The best trail kicks were spotted and edited 
for analysis. 
To identify the frame of soccer kick movements for analysis has 
been divided in to three components namely initial, contact and follow 
through phase. The start of the kick is defined as swing of the kicking 
leg until the point of hip hyperextension and maximum knee flexion. In 
addition, the finish of the initial phase is defined as the instant 
immediately before the foot makes contact with the ball. The contact 
phase defines as the ball contact with the kicking foot or the point of the 
maximum knee extension until the contact with ball. The follow through 
phase is explained as the point just after the ball contact until the 
kicking leg reach up to its maximum height or maximum hip flexion. 
To data analyse, Motion Analysis Tools, CoralDRAW, HeroVideo 
of Hero Super Player, Windows Picture and Fax Viewer and SPSS 
softwares were used. Coral draw was used to measure angles between 
different phases of different body segments with the help of freehand 
tools of the software. Windows Picture and Fax Viewer used for 
selection of initial, contact and final position frame of the subject. Hero 
video of hero super player was used for constructing the best-performed 
kick's clips (Instep and Inside Instep) and their frames. SPSS Software 
used for to calculate Analysis of Variance (ANOVA) with Least 
Significant Difference (LSD) post hoc test to determine the means 
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significant difference between different level players during soccer 
kicks. 
Instep kick 
Ball velocity 
The result of the study indicated for ball velocity of different 
level players showed significant mean difference during instep soccer 
kick. However, high and medium and high and low level players showed 
significant mean difference in their ball velocity, whereas a medium and 
low level player does not differ significantly of ball velocity during 
instep soccer kick. 
Joint Angle 
The result of the study indicated for joint angles of instep kick at 
initial phase for different level male soccer players that ankle and knee 
joint angles showed significant difference. However, hip joint angle 
showed insignificant mean differences among different levels of player. 
Further the LSD post hoc revealed that at ankle joint angle- high and 
medium; high and low level players showed significant mean difference, 
whereas medium and low level players showed insignificant mean 
difference. For the knee joint angle- high and low level players showed 
significant mean difference, whereas high and medium; medium and low 
level players showed insignificant mean difference. 
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The result of the study indicated for joint angles of instep kick at 
contact phase for different level male soccer players that ankle and knee 
joint angles showed significant difference. However, hip joint angle 
showed insignificant mean differences among different levels of player. 
Further the LSD post hoc revealed that at ankle joint angle- high and 
medium level players showed significant mean difference, whereas high 
and low; medium and low level players showed insignificant mean 
difference. For the knee joint angle- high and medium; high and low 
level players showed significant mean difference, whereas medium and 
low level players showed insignificant mean difference. 
The result of the study indicated for joint angles of instep kick at 
follow through phase for different level male soccer players that ankle 
and hip joint angles showed significant difference. However, knee joint 
angle showed insignificant mean differences among different levels of 
player. Further the LSD post hoc revealed that at ankle joint angle- high 
and medium; and high and low level players showed significant mean 
difference, whereas medium and low level players showed insignificant 
mean difference. For the hip joint angle- high and medium and high and 
low level players showed significant mean difference, whereas medium 
and low level players showed insignificant mean difference. 
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Displacement 
The result of the study indicated for at various joints axis of 
different level players at initial to contact phase of instep kick that ankle 
and hip joint axis showed significant difference in displacement. 
However, knee joint axis displacement showed insignificant mean 
differences among different levels of player. Further the LSD post hoc 
revealed that high and medium; high and low level players for ankle 
joint axis; and high and low level players for hip joint axis showed 
significant mean difference in displacement. However; medium and low 
level players for ankle joint axis; high and low; medium and low level 
players for hip joint axis showed insignificant mean difference in 
displacement. 
The result of the study indicated for displacement at various joints 
axis of different level players at contact to follow through phase of 
instep kick that all the joint (ankle, knee and hip) axis displacement 
showed significant difference in displacement. Further the LSD post hoc 
revealed that high and medium levels; high and low levels for ankle 
joint axis; high and medium levels; high and low levels player for knee 
joint and high and medium level soccer players for hip joint axis 
displacement showed significant mean difference. Whereas the medium 
and low level players for ankle joint; medium and low level for knee 
joint axis; medium and low level and high and low levels player for hip 
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joint axis showed insignificant mean difference for displacement from 
contact to follow through phases during instep soccer kick. 
Angular Velocity 
The result of the study indicated for angular velocity of ankle, 
knee and hip joint showed no significant difference during soccer among 
different level (high, medium and low) male soccer players. 
Linear Velocity 
The result of the study indicated for velocity at various joints of 
different level players of instep kick that velocity of ankle, knee and hip 
joints showed significant mean difference. However, high and medium 
level and high and low level players at ankle and knee joint and high 
and medium level player at hip joint showed significant mean 
difference. Whereas medium and low level at ankle, knee and hip joints 
and high and low level players at hip joint does not differ significantly 
in joint's linear velocity during instep soccer kick. 
Inside-Instep kick 
Ball velocity 
The result of the study indicated for ball velocity of different 
level players and also among high, medium and low level players 
showed significant mean difference during inside instep soccer kick. 
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Joint Angle 
The result of the study indicated for joint angles of inside instep 
kick at initial phase for different level male soccer players that ankle 
and knee joint angles showed significant difference. However, hip joint 
angle showed insignificant mean differences among different levels of 
player. Further the LSD post hoc revealed that different level (high, 
medium and low) players showed significant mean difference among 
them in ankle joint angle. For the knee joint angle- high and medium; 
and high and low level players showed significant mean difference, 
whereas medium and low level players showed insignificant mean 
difference. 
The result of the study indicated for joint angles of inside instep 
kick at contact phase for different level male soccer players that ankle 
and knee joint angles showed significant difference. However, hip joint 
angle showed insignificant mean differences among different levels of 
player. Further the LSD post hoc revealed that at ankle joint angle- high 
and medium; high and low level players showed significant mean 
difference, whereas medium and low level players showed insignificant 
mean difference. For the knee joint angle- high and medium; high and 
low level players showed significant mean difference, whereas medium 
and low level players showed insignificant mean difference. 
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The result of the study indicated for joint angles of inside instep 
kick at follow through phase for different level male soccer players that 
ankle and hip joint angles showed significant difference. However, knee 
joint angle showed insignificant mean differences among different levels 
of player. Further the LSD post hoc revealed that at ankle joint angle-
high and medium; and high and low level players showed significant 
mean difference, whereas medium and low level players showed 
insignificant mean difference. For the hip joint angle- high and medium 
level players showed significant mean difference, whereas high and low; 
medium and low level players showed insignificant mean difference. 
Displacement 
The result of the study indicated for displacement at various joints 
axis of different level players at initial to contact phase of inside instep 
kick that knee joint axis showed significant difference in displacement. 
However, ankle and hip joint axis displacement showed insignificant 
mean differences among different levels of player. Further it revealed 
that high and low level players for knee joint axis showed significant 
mean difference in displacement. However; high and medium, and 
medium and low level players showed insignificantly in joint axis 
displacement during initial to contact phases of inside soccer kick. 
Whereas, for the ankle and hip joints revealed that there were no 
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significant mean differences between the different level (high, medium 
and low) players. 
The result of the study indicated for displacement at various joints 
axis of different level players at contact to follow through phase of 
inside instep kick that ankle and knee joint axis displacement showed 
significant difference in displacement. However, hip joint axis 
displacement showed insignificant mean differences among different 
levels of player. Further it revealed that high, medium and low level 
players showed significant mean difference among them for ankle and 
knee joints axis displacement. Whereas hip joint axis displacement 
showed insignificant mean difference among different level players 
(high, medium and low) during contact to follow through phase of inside 
soccer kick. 
Angular Velocity 
The result of the study indicated for angular velocity at various 
joints of different level players of inside instep kick that velocity of 
ankle and knee joints showed significant mean difference. But, angular 
velocity of hip joint showed insignificant mean differences among 
different levels. However, high and medium level; and high and low 
level players for ankle and knee joint showed significant mean 
difference, whereas medium and low level player showed insignificant 
mean difference. 
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Linear Velocity 
The result of the study indicated for linear velocity of ankle, knee 
and hip joint showed no significant difference, during soccer inside 
instep kick among different level (high, medium and low) male soccer 
players. 
Ball velocity between Instep and Inside-Instep kick 
High level 
The result of the study reveals that the comparison of means of 
ball velocity of high level soccer players during instep and inside instep 
kick has shown |t|cai. = Value (5.63) is greater than the t.05,32 value 
(2.00) at 5 % level. This statistical finding exhibit that the ball velocity 
among high level soccer players during instep and inside instep kick 
differs significantly. 
Medium level 
The result of the study reveals that the comparison of means of 
ball velocity of medium level soccer players during instep and inside 
instep kick has shown |t|cai- = Value (8.18) is greater than the t.05,32 value 
(2.00) at 5 % level. This statistical finding exhibits that the ball velocity 
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among medium level soccer players during instep and inside instep kick 
differs significantly. 
Low level 
The result of the study reveals that the comparison of means of 
ball velocity of low level soccer players during instep and inside instep 
kick has shown |t|ca|. = Value (6.33) is greater than the t.05,32 value 
(2.00) at 5 % level. This statistical finding exhibit that the ball velocity 
among low level soccer players during instep and inside instep kick 
differs significantly. 
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CONCLUSION 
Considering the scope, the limitations and the result of the study, 
the following conclusions have been drawn: 
1) The ankle and knee joint angles have an important role to play 
both in instep and inside instep at initial phase as well as at 
contact phase for different level male soccer players for maximum 
ball velocity performance. The ankle and knee joint angles were 
found to significantly influence the ball velocity at different 
levels. 
2) The ankle and hip joint angles have an important role to play both 
in instep and inside instep kicks at follow through phase for 
different level male soccer players for maximum ball velocity 
performance. The joint angles were found to significantly 
influence the ball velocity at different levels. 
3) The ankle and hip joint axis displacement of different level 
players at initial to contact phase in instep kick have a significant 
role in ball velocity performance. But only knee joint axis 
displacement has shown contributing significant role in inside 
instep kick. 
4) All the joint (ankle, knee and hip) axis displacement does play a 
part in maximizing ball velocity of different level players at 
contact to follow through phase in instep kick. But in inside 
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instep hip joint axis displacement does not fractionally 
contributes in ball velocity. 
5) The angular velocity of ankle and knee joints both contributes 
significantly in inside instep kick to cause variation in the ball 
velocity of all level players. But none of the joint's angular 
velocity significantly differed to contribute to cause variation in 
ball velocity. 
6) In inside instep kicks, all joints and in all levels, the linear 
velocity is not a factor to cause variations in ball velocity. But in 
case of instep kick, all joints (ankle, knee and hip joints) and for 
all level players, the linear velocity is an accountable factor to 
cause variations in ball velocity. 
7) The variations of the segment kinematics among different level of 
players are responsible for the significant differences ball velocity 
during both instep and inside instep soccer kicks. 
8) The divergent mechanical distinction of instep and inside instep 
soccer kick exhibits variation in the ball velocity amongst same 
level (high-high, medium-medium, and low-low) of players. 
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RECOMMENDATION FOR FUTURE 
RESEARCHES 
Based on the findings of study and literature reviewed, the 
following recommendations can be made in Indian prospective: 
1. A similar study may be conducted in laboratory set-up. 
2. A similar study can be undertaken with greater number of 
biomechanical variables and considering total body segments. 
3. A similar study may be conducted to investigate separately for 
upper and lower body kinematics during various soccer kicks. 
4. A similar study may be conducted considering both kinetic and 
kinematic variables. 
5. A similar study may be conducted to investigate other 
technique/skill (variations) of soccer kick. 
6. A similar study may be conducted in three dimensional analyses 
process and with higher degree of freedom. 
7. A similar study may be conducted for Indian woman soccer 
players. 
8. A similar study may be conducted with different population, sex 
and age groups at different skill levels. 
9. A similar study may be conducted considering Indian 
international level players. 
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10. A similar study may be conducted to compare considering Indian 
international to world class level players (Europeans, Africans, 
etc.). This would provide invariant parameters for the study. 
11. A similar study may be conducted with sophisticated equipments 
and subjects of higher level, taking bigger sample and with 
greater number of variables. 
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Appendix-A 
ANTHROPOMETRICAL DESCRIPTION HIGH SKILLED 
Sr. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Age 
(Year) 
20 
19 
20 
18 
19 
20 
20 
19 
19 
23 
21 
20 
20 
22 
21 
19 
20 
21 
20 
21 
19 
20 
21 
21 
19 
23 
24 
21 
22 
24 
21 
19 
20 
Weight 
(Kg) 
68 
70 
67 
63 
58 
66 
71 
60 
65 
58 
75 
65 
67 
74 
65 
61 
62 
60 
55 
58 
59 
65 
68 
58 
55 
56 
62 
65 
65 
68 
60 
53 
61 
Height 
(cm) 
175 
173 
175 
170 
168 
175 
175 
178 
170 
170 
180 
175 
174 
175 
173 
173 
173 
180 
175 
165 
165 
170 
168 
165 
175 
173 
165 
165 
170 
178 
165 
157 
163 
Thigh 
(cm) 
45 
43 
48 
43 
43 
48 
45 
45 
43 
48 
48 
40 
40 
40 
45 
45 
43 
48 
43 
43 
40 
43 
43 
43 
43 
45 
40 
40 
43 
48 
43 
40 
43 
Calf 
(cm) 
43 
43 
40 
39 
40 
45 
40 
41 
45 
43 
43 
43 
43 
45 
43 
43 
43 
45 
44 
40 
40 
43 
40 
40 
43 
43 
43 
43 
43 
45 
40 
40 
40 
Foot 
(cm) 
25 
25 
28 
25 
28 
28 
25 
25 
28 
28 
28 
28 
28 
28 
28 
25 
25 
28 
28 
25 
25 
28 
28 
25 
28 
25 
25 
28 
25 
28 
25 
25 
25 
ANTHROPOMETRICAL DESCRIPTION OF MEDIUM SKILLED 
Sr. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Age 
(year) 
14 
13 
14 
16 
13 
16 
16 
14 
15 
14 
15 
15 
14 
15 
16 
13 
14 
13 
14 
15 
15 
13 
14 
13 
15 
14 
14 
13 
13 
14 
15 
13 
14 
Weight 
(Kg.) 
65 
52 
60 
47 
51 
56 
46 
50 
48 
45 
48 
50 
44 
42 
44 
47 
50 
43 
52 
55 
53 
46 
48 
44 
57 
45 
46 
44 
47 
50 
55 
46 
49 
Height 
(cm.) 
178 
173 
173 
165 
168 
165 
157 
168 
157 
163 
160 
160 
160 
157 
157 
157 
170 
157 
160 
173 
173 
163 
168 
163 
165 
163 
163 
157 
163 
165 
173 
160 
163 
Thigh 
(cm.) 
45 
43 
39 
40 
43 
40 
39 
43 
41 
42 
39 
40 
40 
35 
39 
38 
38 
40 
40 
43 
43 
38 
40 
38 
43 
40 
40 
38 
40 
43 
43 
35 
38 
Calf 
(cm.) 
43 
43 
41 
41 
40 
39 
38 
40 
39 
39 
39 
39 
36 
38 
38 
38 
40 
38 
40 
43 
43 
38 
38 
38 
43 
38 
40 
35 
38 
40 
43 
38 
38 
Foot 
(cm.) 
25 
24 
24 
24 
24 
24 
24 
24 
24 
24 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
25 
22 
22 
23 
24 
22 
24 
21 
21 
22 
24 
22 
24 
II 
ANTHROPOMETRICAL DESCRIPTION OF LOW SKILLED 
Sr. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Age 
(Year) 
14 
13 
14 
16 
13 
16 
16 
14 
15 
14 
15 
15 
14 
15 
16 
13 
14 
13 
14 
15 
15 
13 
14 
13 
15 
14 
14 
13 
13 
14 
15 
13 
14 
Weight 
(Kg.) 
65 
52 
60 
47 
51 
56 
46 
50 
48 
45 
48 
50 
44 
42 
44 
47 
50 
43 
52 
55 
53 
46 
48 
44 
57 
45 
46 
44 
47 
50 
55 
46 
49 
Height 
(cm.) 
178 
173 
173 
165 
168 
165 
157 
168 
157 
163 
160 
160 
160 
157 
157 
157 
170 
157 
160 
173 
173 
163 
168 
163 
165 
163 
163 
157 
163 
165 
173 
160 
163 
Thigh 
(cm.) 
45 
43 
39 
40 
43 
40 
39 
43 
41 
42 
39 
40 
40 
35 
39 
38 
38 
40 
40 
43 
43 
38 
40 
38 
43 
40 
40 
38 
40 
43 
43 
35 
38 
Calf 
(cm.) 
43 
43 
41 
41 
40 
39 
38 
38 
40 
39 
39 
39 
39 
36 
38 
38 
40 
38 
40 
43 
43 
38 
38 
38 
43 
38 
40 
35 
38 
40 
43 
38 
38 
Foot 
(cm.) 
25 
24 
24 
24 
24 
24 
24 
24 
24 
24 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
25 
22 
22 
23 
24 
22 
24 
21 
21 
22 
24 
22 
24 
III 
Appendix-B 
Angular Kinematics of Low level Soccer players 
Instep Kick 
Initial Contact Follow Through 
Ankle Knee Hip Ankle Knee Hip Ankle Knee Hip 
1 118.29 113.69 178.43 136.49 146.33 144.45 116.24 162.04 127.28 
2 115.54 64.82 169.33 132.88 137.89 151.52 103.50 173.89 105.54 
3 111.42 75.03 132.87 116.65 110.83 149.15 113.21 161.80 98.54 
4 116.36 66.47 164.03 128.27 144.56 139.57 132.36 173.20 103.89 
5 88.59 67.85 158.53 129.46 133.12 160.65 97.76 175.40 112.99 
6 127.34 102.77 143.08 113.57 114.54 157.01 119.60 168.18 118.65 
7 102.89 55.67 139.68 137.25 112.84 152.04 121.29 174.09 121.80 
8 119.50 87.62 146.17 78.31 138.44 153.51 147.09 169.87 114.97 
9 134.61 94.12 154.44 115.72 121.45 145.77 99.30 176.38 116.25 
10 103.43 84.51 150.28 150.74 127.85 171.87 109.75 108.98 153.77 
11 121.21 87.50 135.63 97.33 129.43 178.47 110.35 178.23 127.97 
12 137.58 64.61 150.96 148.79 127.36 169.34 103.26 170.35 112.80 
13 116.51 72.32 140.84 120.70 134.11 158.31 108.76 178.33 108.31 
14 123.77 118.35 148.91 145.74 135.51 147.22 106.54 176.47 133.41 
15 135.97 97.51 132.43 125.99 138.67 175.01 132.10 171.17 131.43 
16 121.21 87.50 135.63 125.89 130.91 144.43 159.95 172.65 114.86 
17 131.49 95.58 140.82 144.52 148.91 171.59 118.82 177.89 105.54 
18 123.67 74.98 128.99 129.46 133.12 160.65 118.66 156.67 106.16 
19 103.89 68.60 151.14 134.78 133.95 156.42 131.27 119.74 93.73 
20 116.79 73.35 150.31 120.42 120.93 158.64 119.90 157.72 121.58 
21 136.28 58.47 144.27 143.32 86.78 140.58 108.85 172.08 109.30 
22 131.70 66.39 162.23 127.94 138.00 140.58 92.85 166.91 105.29 
23 101.48 67.08 155.92 116.03 97.74 150.32 104.34 177.21 105.06 
24 138.14 85.82 141.22 157.88 125.53 143.99 116.06 176.08 130.77 
25 131.69 61.69 149.08 146.57 107.02 151.49 111.37 175.66 93.63 
26 127.44 61.38 151.86 123.14 138.13 153.31 113.42 178.70 104.84 
27 141.29 103.98 148.09 145.57 122.54 130.47 122.86 177.03 128.20 
28 109.06 69.52 141.66 128.82 132.04 174.89 106.78 178.16 135.41 
29 125.25 78.25 143.26 152.55 128.55 145.27 122.46 167.56 120.47 
30 115.46 97.15 144.59 124.85 134.26 156.75 116.72 168.79 117.33 
31 124.59 68.75 154.68 131.85 126.65 153.15 128.52 176.27 108.57 
32 134.26 85.15 146.21 128.59 131.46 141.18 117.97 169.86 113.53 
33 108.25 94.22 157.47 117.46 108.35 147.95 98.85 158.66 107.66 
IV 
Angular Kinematics of Low level Soccer players 
Inside Instep Kick 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Ankle 
117.29 
133.97 
104.04 
110.07 
93.59 
129.84 
131.25 
123.06 
127.32 
101.81 
98.26 
131.40 
106.07 
142.80 
101.10 
146.99 
125.87 
119.01 
116.29 
131.84 
137.54 
109.73 
112.65 
110.08 
124.32 
124.91 
131.91 
128.14 
120.43 
116.55 
124.86 
132.85 
122.55 
Initial 
Knee 
83.15 
81.92 
68.48 
65.51 
70.29 
85.97 
74.60 
84.32 
80.77 
77.28 
98.52 
57.47 
74.82 
97.61 
75.54 
127.68 
69.77 
79.72 
68.63 
106.75 
90.07 
73.79 
81.20 
78.44 
59.80 
65.00 
87.43 
77.91 
84.46 
76.00 
86.55 
92.46 
68.46 
Hip 
170.71 
160.27 
136.61 
158.22 
166,15 
159.25 
149.09 
150.11 
169.09 
142.84 
145.32 
147.11 
144.65 
129.07 
131.36 
147.58 
176.29 
140.27 
157.45 
150.29 
141.84 
177.71 
146.46 
148.31 
155.39 
150.26 
160.23 
155.41 
137.55 
152.68 
147.60 
137.56 
140.59 
Ankle 
121.17 
118.43 
121.74 
118.44 
110.42 
133.67 
106.88 
125.11 
105.06 
130.83 
140.25 
126.68 
118.76 
98.28 
135.45 
136.48 
127.18 
102.42 
135.25 
75.60 
152.77 
117.25 
113.19 
145.56 
140.39 
115.79 
110.29 
122.91 
124.86 
116.26 
121.35 
104.55 
130.46 
Contact 
Knee 
116.83 
134.77 
109.48 
119.48 
126.96 
114.53 
140.39 
157.67 
121.78 
162.74 
149.37 
126.02 
124.63 
128.75 
145.72 
159.64 
108.47 
110.43 
160.66 
150.81 
97.41 
157.76 
125.15 
142.82 
101.31 
124.58 
123.95 
114.00 
108.65 
127.55 
134.59 
113.26 
107.59 
Hip 
140.48 
166.57 
141.14 
153.04 
141.72 
147.99 
148.97 
153.67 
136.78 
177.19 
168.51 
152.20 
166.64 
161.24 
179.48 
155.45 
142.07 
140.55 
146.48 
157.35 
132.69 
141.76 
151.47 
150.82 
148.80 
151.55 
133.56 
139.94 
137.75 
142.35 
151.46 
127.54 
134.55 
Follow 
Ankle 
118.53 
101.65 
113.52 
138.28 
106.28 
108.14 
117.58 
133.50 
100.96 
89.91 
104.38 
96.39 
93.13 
100.16 
115.75 
116.94 
114.68 
130.41 
131.74 
118.02 
108.54 
94.97 
97.66 
107.57 
104.06 
115.79 
116.45 
114.59 
109.86 
125.55 
117.25 
108.66 
98.54 
Through 
Knee 
170.95 
178.97 
159.83 
153.12 
162.13 
165.43 
176.12 
175.72 
172.41 
166.94 
174.41 
152.60 
175.67 
161.57 
169.73 
173.42 
175.27 
164.36 
175.75 
173.28 
160.04 
165.01 
179.93 
171.37 
153.50 
124.58 
171.83 
140.40 
174.85 
146.26 
170.25 
164.55 
157.55 
Hip 
130.61 
106.16 
84.95 
114.76 
110.13 
108.45 
113.55 
137.52 
97.44 
114.68 
104.80 
65.81 
107.94 
113.42 
114.49 
113.51 
108.49 
69.59 
119.83 
127.06 
109.57 
95.85 
110.13 
101.32 
78.30 
142.49 
131.12 
143.52 
124.26 
117.59 
107.46 
132.46 
114.26 
V 
Angular Kinematics of Medium level Soccer players 
Instep Kick 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Ankle 
137.95 
132.50 
129.50 
136.71 
133.35 
142.58 
140.41 
130.42 
125.54 
126.91 
139.90 
122.31 
140.50 
126.61 
115.04 
95.60 
119.38 
116.92 
119.01 
126.41 
129.68 
136.10 
126.44 
117.75 
117.31 
124.54 
118.54 
123.61 
119.35 
109.23 
126.56 
117.57 
125.10 
Initial 
Knee 
96.60 
90.26 
101.53 
95 24 
89.38 
87.37 
69.21 
94.50 
85.93 
75.18 
91.33 
161.38 
86.45 
68.55 
71.62 
73.13 
71.97 
64.76 
75.35 
88.30 
89.99 
97.95 
174.84 
90.53 
109.96 
82.44 
71,36 
63.98 
82.46 
82.69 
78.97 
93.55 
72.25 
Hip 
141.00 
150.83 
145.58 
140.05 
148.91 
159.69 
148.59 
132.53 
167.64 
161.49 
165.97 
138.16 
130.41 
149.91 
138.01 
131.79 
158.19 
153.60 
142.99 
160.94 
137.25 
142.63 
122.22 
133.77 
142.54 
146.05 
135.94 
177.87 
159.61 
137.47 
157.86 
128.73 
150.91 
Ankle 
127.89 
142.43 
121.30 
151.93 
121.64 
125.57 
128.08 
138.71 
118.77 
144.63 
126.60 
135.00 
129.48 
127.32 
117.48 
128.66 
125.13 
133.90 
115.54 
11.19 
140.39 
121.45 
95.21 
124.06 
107.59 
119.62 
102.12 
112.43 
104.86 
135.72 
109.56 
124.35 
125.55 
Contact 
Knee 
155.85 
108.25 
140.57 
170.38 
117.60 
136.11 
177.18 
149.01 
126.96 
117.46 
106.23 
117.76 
125.30 
119.35 
124.58 
137.10 
128.33 
151.39 
117.33 
109.01 
130.40 
125.10 
106.74 
134.64 
131.26 
151.77 
129.60 
111.63 
126.91 
147.71 
100.62 
116.49 
122.23 
Hip 
173.88 
136.01 
160.98 
161.87 
168.24 
155.51 
176.78 
177.96 
145.85 
146.72 
134.28 
161.61 
152.99 
150.54 
166.56 
164.03 
152.85 
149.88 
157.34 
151.28 
141.49 
161.15 
157.87 
164.41 
162.11 
158.69 
153.50 
155.48 
156.66 
156.50 
133.04 
143.58 
148.43 
Follow 
Ankle 
121.78 
107.88 
108.43 
113.04 
131.44 
100.65 
101.29 
96.12 
109.89 
109.07 
108.27 
98.33 
137.86 
100.22 
104.14 
142.39 
119.36 
98.76 
115.58 
99.60 
119.29 
117.22 
107.87 
104.26 
103.14 
113.11 
130.12 
127.31 
98.97 
113.92 
106.43 
118.72 
110,25 
Through 
Knee 
172.87 
171.82 
177.29 
169.19 
173.88 
168.64 
169.36 
175.43 
165.22 
175.46 
108.77 
176.13 
177.54 
174.07 
165.89 
173.50 
174.44 
172.96 
172.46 
155.36 
174.65 
156.21 
179.04 
164.99 
173.10 
173.19 
171.97 
179.08 
173.13 
176.97 
175.77 
177.06 
176.84 
Hip 
135.20 
94.28 
116.03 
119.95 
139.76 
125.39 
119.55 
141.59 
95.08 
155.24 
142.04 
128.67 
125.43 
138.50 
115.46 
122.98 
121.54 
109.13 
108.00 
119.84 
111.72 
147.66 
118.26 
97.70 
129.61 
147.26 
104.20 
111.70 
110.25 
111.93 
134.18 
115.40 
117.26 
VI 
Angular Kinematics of Medium level Soccer players 
Inside Instep Kick 
Ankle 
140.02 
124.68 
119.13 
144.19 
135.71 
138.36 
120.96 
131.29 
120.21 
128.14 
135.22 
135.55 
139.97 
120.87 
124.51 
118.59 
132.36 
123.04 
112.67 
120.61 
111.51 
134.65 
122.27 
121.94 
112.75 
133.62 
128.16 
129.08 
114.39 
113.51 
129.29 
141.18 
118.23 
Initial 
Knee 
101.43 
93.83 
101.27 
90.25 
95.46 
84.69 
64.96 
90.00 
66.97 
77.91 
84.12 
93.00 
94.56 
79.37 
77.02 
103.84 
58.10 
60.32 
60.14 
75.94 
75.91 
97.10 
77.75 
59.15 
91.97 
75.64 
92.18 
63.18 
67.43 
80.27 
64.87 
101.98 
88.57 
Hip 
149.33 
156.69 
151.28 
138.75 
139.41 
143.77 
158.85 
121.00 
147.39 
155.41 
156.20 
156.44 
139.27 
146.06 
128.60 
129.69 
172.70 
101.25 
159.29 
154.92 
144.03 
145.93 
147.11 
146.21 
157.47 
146.70 
132.29 
176.61 
163.53 
145.19 
174.03 
147.01 
136.09 
Ankle 
133.18 
120.55 
134.71 
144.69 
136.68 
125.72 
127.94 
114.68 
98.16 
122.91 
119.94 
110.64 
124.59 
143.66 
118.30 
127.54 
124.70 
131.48 
137.67 
87.32 
147.62 
145.33 
122.27 
144.53 
97.49 
94.18 
128.31 
155.28 
132.85 
113.58 
111.65 
152.31 
124.03 
Contact 
Knee 
167.26 
97.18 
158.29 
152.01 
112.71 
122.41 
132.73 
121.81 
122.90 
114.02 
124.85 
149.10 
125.48 
145.07 
128.75 
137.13 
115.10 
153.25 
137.03 
99.22 
133.02 
140.80 
175.61 
166.77 
138.51 
134.35 
153.58 
153.60 
151.18 
109.54 
99.05 
155.77 
132.22 
Hip 
167.15 
139.83 
173.37 
165.82 
168.44 
164.23 
130.18 
176.25 
137.89 
139.94 
157.83 
153.58 
136.49 
157.16 
171.06 
149.74 
152.07 
145.56 
154.94 
139.85 
130.71 
137.92 
153.27 
150.18 
168.46 
156.53 
158.79 
157.68 
143.56 
150.31 
135.90 
138.87 
141.22 
Follow Through 
Ankle 
131.44 
116.35 
117.12 
97.90 
116.84 
12ci.50 
94.09 
108.85 
109.11 
114.59 
118.70 
111.72 
128.50 
113.51 
108.75 
133.31 
130.70 
100.24 
116.61 
85.20 
117.24 
116.31 
100.89 
11.74 
98.71 
92.79 
105.31 
134894.00 
101.03 
120.38 
104.16 
117.30 
106.25 
Knee 
173.86 
176.45 
169.07 
179.05 
160.81 
174.69 
167.40 
174.14 
179.16 
140.40 
171.61 
161.39 
174.69 
170.55 
176.65 
163.61 
169.18 
175.96 
176.75 
152.93 
178.61 
168.79 
179.50 
177.75 
166.98 
155.82 
178.96 
179.76 
175.84 
178.22 
179.54 
167.33 
175.25 
Hip 
130.79 
125.21 
124.08 
143.47 
129.09 
115.49 
92.35 
140.75 
92.52 
143.52 
142.96 
131.34 
115.49 
131.55 
127.42 
124.64 
96.46 
96.70 
115.54 
121.95 
105.92 
114.92 
113.17 
107.57 
125.70 
124.45 
111.54 
113.12 
96.08 
103.25 
133.34 
125.91 
131.98 
VII 
Angular Kinematics of High level Soccer players 
Ankle 
108.49 
138.67 
119.00 
128.34 
138.57 
130.31 
154.39 
140.85 
132.17 
140.44 
139.68 
142.56 
132.09 
140.94 
161.00 
136.91 
138.81 
164.03 
127.88 
139.81 
155.12 
129.05 
151.70 
147.49 
118.89 
133.80 
153.91 
149.67 
151.59 
144.44 
137.46 
140.85 
134.03 
Initial 
Knee 
119.93 
66.51 
95.70 
86.96 
73.86 
89.94 
87.06 
83.77 
177.84 
85.47 
104.07 
89.08 
103.04 
79.23 
136.79 
132.68 
93.28 
117.81 
75.44 
92.25 
121.58 
69.51 
67.54 
92.84 
175.47 
86.82 
86.09 
81.81 
99.22 
104.02 
101.49 
98.48 
104.56 
Hip 
139.76 
159.65 
149.05 
152.08 
140.28 
147.24 
158.71 
147.38 
109.51 
150.66 
160.75 
136.51 
160.31 
151.23 
150.45 
147.92 
155.63 
135.92 
149.68 
154.56 
154.70 
169.13 
144.84 
162.88 
83.54 
153.78 
143.12 
167.57 
153.64 
150.93 
146.36 
148.46 
151.58 
Ankle 
118.28 
150.31 
109.35 
125.17 
143.17 
144.50 
123.49 
143.03 
115.20 
144.33 
133.15 
134.11 
144.03 
143.23 
126.55 
142.67 
26.31 
160.06 
128.40 
137.99 
139.72 
146.91 
144.77 
157.24 
125.06 
144.11 
130.00 
140.08 
142.57 
132.64 
130.48 
138.46 
165.26 
Contact 
Knee 
123.26 
129.96 
143.97 
123.02 
138.41 
148.34 
150.50 
151.58 
110.34 
127.62 
144.35 
125.27 
119.82 
152.20 
142.83 
149.88 
154.10 
141.28 
140.03 
156.27 
167.60 
146.48 
148.04 
143.70 
114.29 
164.30 
147.44 
152.62 
143.81 
135.62 
140.55 
148.26 
146.26 
Hip 
138.07 
148.96 
163.44 
138.36 
159.02 
154.17 
150.08 
154.53 
137.23 
179.51 
142.35 
147.34 
145.36 
152.51 
146.45 
146.90 
154.79 
146.99 
156.36 
160.66 
152.67 
153.17 
154.09 
134.36 
143.85 
175.71 
162.45 
144.07 
169.12 
160.99 
156.23 
162.26 
165.46 
Follow 
Ankle 
119.98 
125.34 
106.55 
136.29 
130.76 
133.06 
132.96 
145.58 
136.82 
136.08 
113.90 
117.61 
108.50 
125.33 
112.65 
133.45 
159.54 
124.58 
101.42 
114.95 
143.03 
133.70 
124.14 
129.71 
143.80 
116.99 
111.03 
95.95 
122.36 
117.29 
101.22 
120.69 
119.15 
Through 
Knee 
166.15 
173.19 
165.63 
142.07 
166.36 
167.89 
173.52 
169.87 
130.91 
177.48 
178.15 
174.35 
125.62 
168.64 
162.24 
165.25 
150.69 
177.93 
174.29 
136.41 
165.15 
170.66 
176.16 
174.04 
164.32 
143.90 
177.26 
176.38 
173.35 
173.55 
175.37 
172.46 
174.46 
Hip 
126.85 
128.53 
77.14 
57.48 
107.88 
134.61 
88.16 
88.00 
143.75 
155.20 
87.16 
78.73 
75.53 
89.71 
77.84 
107.56 
88.10 
97.24 
106.29 
89.32 
76.54 
91.83 
134.12 
79.80 
152.85 
79.54 
101.21 
86.93 
111.67 
91.39 
96.15 
115.68 
94.13 
VIII 
Angular Kinematics of High level Soccer players 
Inside Instep Kick 
Ankle 
127.37 
149.24 
155.27 
144.35 
140.09 
127.95 
132.92 
153.22 
130.59 
123.78 
142.39 
145.39 
141.10 
140.43 
133.06 
137.43 
143.69 
131.91 
158.17 
121.97 
146.07 
138.17 
132.32 
137.74 
129.21 
129.36 
129.18 
140.40 
155.66 
138.48 
115.58 
130.26 
128.85 
Initial 
Knee 
154.33 
59.17 
132.42 
116.17 
72.98 
66.15 
90.60 
133.12 
171.38 
109.31 
94.34 
98.54 
116.34 
70.37 
73.07 
111.56 
95.31 
121.73 
119.74 
84.17 
96.94 
93.13 
51.36 
85.16 
133.20 
97.66 
82.63 
100.42 
107.43 
111.48 
98.16 
94.46 
96.86 
Hip 
168.51 
170.41 
136.16 
141.31 
142.19 
135.15 
143.57 
142.19 
107.57 
142.11 
164.24 
142.38 
153.49 
173.34 
144.15 
148.56 
159.38 
121.59 
151.24 
151.85 
146.99 
142.89 
153.27 
153.34 
130.79 
147.43 
141.47 
151.84 
165.80 
141.89 
148.59 
154.24 
142.43 
Ankle 
132.89 
145.62 
139.02 
134.36 
141.03 
129.72 
141.03 
131.17 
129.71 
168.37 
127.95 
123.55 
151.35 
143.80 
133.49 
131.95 
123.11 
137.07 
132.93 
134.26 
148.96 
139.03 
141.70 
141.38 
146.89 
126.73 
156.19 
137.41 
137.11 
133.93 
145.59 
144.25 
130.46 
Contact 
Knee 
139.96 
139.99 
146.02 
137.36 
138.20 
150.42 
154.83 
156.74 
133.20 
155.45 
131.65 
151.50 
144.75 
147.44 
158,44 
139.92 
148.35 
151.16 
147.11 
160.78 
148.50 
146.26 
133.64 
145.40 
136.81 
150.61 
160.24 
142.81 
146.16 
137.34 
142.26 
147.82 
136.25 
Hip 
162.92 
153.69 
161.51 
145.18 
161.34 
163.60 
142.84 
162.07 
130.79 
151.58 
132.93 
148.26 
166.03 
150.09 
151.71 
155.33 
151.23 
145.50 
162.74 
157.97 
152.85 
150.27 
141.70 
155.94 
147.50 
167.68 
155.34 
155.30 
171.22 
169.99 
160.46 
145.15 
154.70 
Follow Through 
Ankle 
185.05 
113.97 
146.78 
125.19 
114.26 
124.97 
127.66 
144.45 
147.89 
131.27 
118.43 
125.15 
123.76 
123.35 
102.27 
97.40 
150.80 
122.82 
119.33 
110.91 
141.06 
125.42 
120.58 
137.91 
139.11 
127.46 
100.35 
129.29 
99.07 
147.64 
101.46 
120.41 
124.46 
Knee 
149.77 
177.41 
178.87 
144.39 
176.52 
171.30 
177.27 
83.29 
136.81 
170.72 
176.57 
174.32 
179.41 
178.23 
177.71 
179.88 
155.36 
166.97 
174.04 
169.10 
17.63 
147.03 
169.04 
170.12 
177.89 
173.93 
175.44 
179.28 
178.30 
168.14 
170.26 
174.46 
172.16 
Hip 
161.54 
122.50 
100.31 
66.49 
104.54 
138.77 
102.13 
151.61 
147.50 
123.10 
103.69 
112.21 
132.48 
105.20 
108.13 
94.72 
87.83 
101.64 
99.83 
111.18 
73.21 
70.43 
112.08 
107.44 
98.32 
116.59 
108.92 
87.75 
103.53 
110.00 
105.46 
98.46 
97.55 
IX 
Appendix-C 
Displacement of high level players 
ANKLE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Instep 
l-C 
177.02 
346.46 
297.70 
294.46 
279.51 
348.53 
321.21 
320.88 
318.46 
232.72 
274.40 
309.66 
346.78 
289.50 
274.97 
300.49 
256.40 
228.27 
344.73 
293.49 
270.19 
335.68 
345.20 
267.43 
271.69 
301.53 
290.69 
281.66 
309.59 
278.76 
301.68 
284.03 
317.53 
Kick 
C-F 
161.15 
246.56 
222.03 
220.41 
248.77 
260.35 
331.17 
294.73 
259.63 
245.67 
259.83 
307.95 
303.42 
284.27 
259.43 
228.97 
262.87 
287.84 
251.02 
239.42 
252.00 
244.39 
239.07 
338.74 
325.86 
287.17 
261.91 
322.15 
269.62 
235.21 
296.06 
264.22 
255.31 
Inside Kick 
l-C 
321.01 
346.46 
285.41 
233.90 
279.51 
333.42 
314.65 
362.91 
355.76 
226.99 
314.01 
271.02 
275.98 
282.24 
292.41 
329.57 
298.75 
275.04 
280.69 
278.76 
278.20 
297.21 
333.42 
268.17 
301.88 
276.14 
284.29 
307.32 
302.05 
276.12 
221.02 
16.03 
302.05 
C - F 
220.27 
246.56 
183.34 
280.19 
248.77 
234.80 
324.79 
153.44 
276.41 
298.82 
296.23 
246.11 
306.14 
284.61 
274.55 
272.35 
294.17 
242.89 
266.63 
235.21 
203.89 
294.35 
234.80 
344.97 
313.42 
299.48 
294.92 
216.30 
284.25 
310.35 
281.30 
215.37 
284.25 
X 
Displacement of high level players 
KNEE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Instep Kick 
l - C 
112.04 
209.27 
178.07 
162.00 
188.04 
210.19 
220.01 
204.16 
190.44 
173.67 
156.21 
225.27 
160.00 
220.01 
177.48 
212.00 
171.00 
145.09 
232.40 
258.50 
129.76 
192.00 
232.26 
144.36 
177.77 
198.01 
200.00 
200.09 
190.07 
195.13 
205.02 
171.25 
201.90 
C - F 
85.88 
125.99 
124.85 
107.36 
153.40 
157.10 
189.45 
209.47 
151.24 
125.67 
140.21 
167.09 
186.43 
150.62 
138.57 
157.54 
139.46 
152.76 
140.13 
150.36 
148.00 
115.88 
163.15 
195.90 
188.37 
167.60 
145.11 
138.84 
157.55 
130.09 
166.57 
154.46 
161.94 
Inside Kick 
l - C 
267.02 
209.27 
178.93 
132.97 
188.04 
223.16 
201.44 
268.90 
217.04 
155.13 
231.40 
196.00 
174.10 
210.01 
201.36 
241.05 
202.25 
205.00 
203.06 
195.13 
166.03 
208.02 
223.16 
159.80 
188.27 
190.02 
206.09 
202.00 
201.04 
188.04 
136.13 
149.08 
201.04 
C - F 
68.88 
125.99 
90.82 
152.90 
153.40 
144.53 
186.27 
80.53 
163.23 
148.66 
175.82 
112.45 
194.81 
152.40 
151.72 
140.58 
176.11 
117.80 
141.35 
130.09 
125.16 
154.84 
144.53 
197.31 
174.61 
186.95 
159.81 
126.75 
158.80 
184.11 
150.71 
107.91 
158.80 
XI 
Displacement of high level players 
HIP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Instep 
l -C 
55.04 
120.02 
82.01 
80.03 
106.30 
113.16 
149.08 
113.99 
109.66 
103.95 
80.99 
123.49 
75.06 
109.46 
63.07 
185.19 
78.01 
62.24 
104.92 
141.29 
56.72 
91.02 
121.50 
83.10 
102.77 
104.02 
79.83 
84.02 
71.57 
87.02 
112.22 
78.25 
113.36 
Kick 
C-F 
27.59 
60.90 
52.63 
19.85 
93.65 
85.00 
107.91 
112.54 
70.73 
87.78 
82.68 
104.29 
86.84 
76.38 
53.71 
61.81 
55.90 
68.68 
206.34 
66.49 
84.05 
42.44 
99.41 
120.67 
68.60 
79.40 
48.17 
50.80 
47.01 
54.45 
45.79 
55.46 
89.64 
Inside Kick 
l -C 
139.18 
120.02 
51.48 
60.00 
106.30 
95.19 
133.24 
134.73 
113.95 
91.08 
116,62 
107.12 
73.06 
99.08 
63.07 
126.02 
99.00 
96.02 
70.58 
87.02 
61.03 
106.00 
95.19 
101.60 
104.48 
96.02 
98.05 
110.55 
91.01 
94.26 
24.52 
79.06 
91.01 
C-F 
42.19 
60.90 
42.54 
68.24 
93.65 
93.41 
109.86 
41.23 
54.45 
99.30 
121.63 
64.56 
97.45 
78.65 
55.17 
68.01 
69.34 
55.15 
51.09 
54.45 
57.98 
59.20 
93.41 
102.90 
83.82 
80.81 
70.09 
63.29 
64.38 
85.59 
69.20 
55.97 
64.38 
XII 
Displacement of medium level players 
ANKLE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Instep 
l -C 
289.50 
217.08 
255.49 
257.60 
208.48 
268.96 
312.46 
259.01 
237.81 
258.54 
289.38 
218.01 
210.41 
264.91 
310.41 
293.39 
246.33 
299.54 
287.28 
180.94 
275.48 
213.81 
240.30 
284.19 
222.73 
340.35 
269.31 
314.08 
212.35 
276.14 
231.53 
242.42 
250.89 
Kick 
C-F 
226.39 
284.40 
225.89 
159.88 
159.70 
138.08 
175.97 
145.47 
188.11 
122.53 
173.67 
237.19 
268.00 
193.51 
205.35 
220.06 
144.76 
289.15 
208.89 
221.27 
81.84 
185.15 
183.48 
324.26 
331.83 
325.41 
261.82 
231.01 
165.20 
263.78 
107.87 
199.46 
196.79 
Inside Kick 
l-C 
293.22 
286.51 
221.47 
250.01 
193.16 
250.45 
288.53 
199.46 
275.69 
295.78 
227.64 
261.84 
214.72 
276.00 
238.56 
360.63 
256.39 
257.60 
282.21 
238.72 
270.56 
291.00 
278.35 
214.81 
237.59 
344.73 
346.71 
351.73 
255.42 
199.29 
278.36 
267.09 
247.76 
C-F 
149.09 
147.12 
212.25 
156.42 
130.59 
41.05 
165.32 
126.53 
207.17 
131.40 
144.73 
134.83 
114.84 
156.63 
225.02 
221.92 
142.77 
163.11 
244.23 
188.51 
214.62 
168.24 
104.92 
118.93 
83.22 
302.10 
235.71 
235.80 
182.52 
226.88 
150.45 
178.62 
156.82 
XIII 
Displacement of medium level players 
KNEE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Instep Kick 
l-C 
174.07 
651.60 
169.50 
150.48 
159.81 
208.17 
184.04 
171.84 
154.35 
176.26 
210.47 
150.62 
123.10 
223.14 
234.34 
202.24 
167.86 
216.02 
208.12 
118.88 
190.17 
55.46 
171.07 
204.00 
133.63 
212.60 
163.09 
174.49 
178.73 
200.42 
184,57 
184,17 
150.21 
C - F 
121.20 
417.44 
113.70 
94.71 
50.12 
70.52 
99.30 
66.76 
60.31 
53.34 
42.72 
122.00 
51.16 
98.48 
116.11 
136.61 
86.98 
74.79 
146.77 
39.12 
68.00 
66.49 
65.51 
113.74 
114.48 
78.55 
102.93 
118.70 
90.79 
122.16 
33.53 
129.80 
65.95 
Inside Kick 
l-C 
163.00 
148.35 
154.01 
146.03 
136.83 
199.16 
205.35 
119.60 
189.76 
323.13 
167.24 
148.57 
123.15 
178.01 
168.36 
257.56 
191.76 
173.19 
100.23 
181.03 
196.13 
184.33 
161.31 
144.17 
140,36 
234.11 
207,00 
219.39 
164.20 
149.09 
168.19 
171.42 
153.64 
C - F 
80.32 
39.12 
91.68 
93.98 
44.82 
62.65 
67.42 
90.44 
88.41 
57.07 
45.89 
81.27 
40.00 
91.61 
99.36 
91.29 
129.84 
88.84 
90.91 
54.75 
68.88 
52.35 
85.59 
91.42 
104.56 
178.87 
109.64 
107.91 
63.60 
137.91 
110.91 
89.84 
76.06 
XIV 
Displacement of medium level players 
HIP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Instep Kick 
l - C 
110.02 
66.48 
81.00 
71.57 
78.16 
130.55 
118.07 
108.67 
74.33 
109.04 
98.01 
73.17 
46.69 
120.34 
95.43 
26.68 
90.67 
129.39 
116.02 
59.30 
80.51 
84.48 
88.69 
114.02 
69.46 
116.56 
44.39 
93.05 
86.21 
96.08 
90.93 
79.08 
76.24 
C - F 
80.62 
99.77 
59.36 
62.17 
21.93 
56.89 
44.72 
34.18 
34.71 
53.01 
68.60 
86.33 
41.77 
88.46 
66.00 
79.76 
66.61 
34.79 
90.36 
31.95 
42.38 
61.66 
23.60 
55.01 
61.13 
42.19 
33.84 
57.78 
99.64 
83.39 
41.05 
84.17 
26.40 
Inside Kick 
l - C 
102.59 
57.14 
61.66 
127.00 
60.01 
117.02 
105.93 
70.71 
72.00 
234,01 
88.69 
82.15 
116.77 
82.01 
70.11 
135.48 
108.01 
87.28 
93.06 
97.51 
85.48 
97.35 
85.21 
70.35 
81.62 
128.88 
76.06 
133.09 
81.74 
62.59 
88.26 
82.06 
84.17 
C - F 
49.77 
34.06 
44.78 
255.38 
24.17 
131.93 
59.78 
54.82 
41.79 
43.93 
50.01 
53.37 
35.01 
57.01 
60.08 
57.57 
87.32 
95.71 
57.69 
42.43 
56.08 
43.32 
45.34 
139.65 
49.65 
122.15 
56.32 
72.45 
36.36 
84.60 
74.95 
66.13 
38.42 
XV 
Displacement of low level soccer players 
ANKLE 
Instep Kick 
l-C C-F 
1 205.93 163.98 
2 274.30 209.75 
3 273.72 192.34 
4 143.06 491.74 
5 133.96 116.85 
6 295.85 247.83 
7 320.63 295.24 
8 345.31 300.81 
9 224.51 194.17 
10 213.01 155.28 
11 164.03 241.81 
12 208.00 199.97 
13 216.92 214.98 
14 182.12 147.14 
15 241.50 200.18 
16 164.14 155.72 
17 235.77 266.33 
18 323.40 243.40 
19 236.22 277.36 
20 246.44 250.48 
21 418.12 207.27 
22 224.51 194.17 
23 254.96 178.75 
24 227.84 161.34 
25 220.59 224.88 
26 231.69 194.73 
27 238.88 152.88 
28 229.01 208.08 
29 234.21 146.25 
30 218.68 186.25 
31 227,59 164.59 
32 241.99 247.88 
33 230.48 144.70 
Inside Kick 
l -C 
135.11 
280.08 
276.35 
254.95 
193.60 
202.77 
i 88.96 
365.27 
129.10 
210.87 
234.36 
349.74 
190.26 
308.92 
269.45 
164.14 
179.45 
313.18 
193.28 
344.80 
446.46 
246.02 
256.73 
252.46 
349.74 
201.41 
173.07 
241.50 
354,24 
224.59 
313.00 
251.55 
441.66 
C -F 
138.20 
161.21 
245.07 
281.58 
378.75 
319.25 
267.24 
247.65 
91,05 
181.84 
210.21 
263.49 
249.69 
105.34 
252.66 
155.72 
277.97 
280.75 
169.01 
222.27 
333.22 
133.81 
215.87 
131.19 
263.49 
203.54 
154.32 
200.18 
274.55 
248.66 
254,56 
246.46 
114.25 
XVI 
Displacement of low level soccer players 
KNEE 
Instep Kick 
i-c c--f 
1 129.63 67.20 
2 178.36 106.25 
3 191.26 55.22 
4 192.00 126.67 
5 93.13 55.23 
6 222.81 116.62 
7 268.07 98.67 
8 242.00 168.72 
9 174.14 82.64 
10 172.17 64.03 
11 119.71 126.40 
12 148.49 92.11 
13 154.43 123.31 
14 119.68 66.61 
15 177.14 89.29 
16 101.02 43.57 
17 157.04 131.93 
18 230.18 124.42 
19 171.95 150.43 
20 75.64 149.47 
21 304.79 105.01 
22 174.14 82.64 
23 160.03 108.47 
24 186.82 42.19 
25 166.51 89.83 
26 161.28 100.90 
27 182.10 70.11 
28 164.03 97.87 
29 104.59 88.46 
30 142.57 124.24 
31 158.46 105.89 
32 204.45 97.47 
33 176.69 87.26 
Inside Kick 
i--c 
59.91 
167.03 
207.07 
181.33 
240.17 
172.70 
256.32 
237.39 
85.15 
146.03 
157.41 
159.84 
53.94 
190.67 
164.60 
101.02 
128.79 
36.50 
138.44 
215.10 
348.83 
145.38 
187.96 
157.41 
159.84 
165.75 
124.78 
177.14 
214.54 
142.59 
221.54 
202.56 
134.66 
c-f 
65.31 
91.59 
87.69 
128.08 
139.79 
138.23 
110.92 
156.87 
50.33 
112.89 
112.80 
114.83 
119.60 
79.40 
133.46 
43.57 
119.40 
252.92 
85.70 
138.29 
102.96 
84.91 
107.91 
112.80 
114.83 
85.38 
65.03 
89.29 
112.56 
104.69 
94.57 
104.57 
98.88 
XVII 
Displacement of low level soccer players 
HIP 
Instep Kick 
i-c c~f 
1 78.26 47.85 
2 33.12 69.18 
3 66.71 26.63 
4 79.12 68.10 
5 49.04 25.08 
6 103.12 79.16 
7 126.89 66.75 
8 133.99 101.61 
9 92.09 62.00 
10 102.59 34.53 
11 57.01 58.82 
12 67.47 50.80 
13 74.24 84.05 
14 59.03 45.40 
15 83.01 69.03 
16 58.31 37.58 
17 78.52 56.01 
18 93.62 110.42 
19 72.00 46.67 
20 74.01 83.82 
21 139.36 82.39 
22 92.09 62.00 
23 77.13 58.67 
24 75.95 25.63 
25 76.01 36.01 
26 81.74 65.03 
27 101.18 54.15 
28 14.32 119.02 
29 67.46 84.55 
30 78.25 54.66 
31 50.65 71.25 
32 82.47 64.85 
33 76.66 84.66 
Inside Kick 
i-c 
29.16 
85.15 
79.25 
80.75 
133.02 
81.30 
109.02 
137.44 
50.25 
77.00 
87.57 
74.97 
70.06 
91.66 
85.29 
58.31 
60.44 
86.15 
57.56 
118.42 
74.15 
72.03 
300.76 
81.62 
74.97 
81.58 
61.03 
83.01 
76.45 
87.54 
102.25 
94.37 
71.59 
c-f 
41.01 
23.54 
48.66 
53.14 
67.48 
86.15 
70.41 
99.62 
100.96 
47.01 
45.49 
38.47 
57.70 
51.01 
75.82 
37.58 
76.53 
22.47 
44.69 
84.48 
171.07 
55.73 
61.77 
42.20 
38.47 
55.08 
49.09 
69.03 
58.49 
88.77 
104.65 
72.59 
96.60 
XVIII 
Appendix-D 
JOINT'S ANGULAR VELOCITY OF HIGH LEVEL PLAYERS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
ANKLE 
Instep 
13.84 
77.72 
14.65 
18.47 
10.97 
11.4 
20.68 
13.09 
10.23 
11.71 
12.65 
16.07 
12.71 
14.25 
13.64 
14.91 
14.14 
23.23 
15.42 
13.82 
14.65 
16.08 
15.71 
12.65 
14.4 
13.59 
11.68 
11.73 
18.5 
15.42 
14.09 
24.22 
10.69 
Inside 
14.84 
88.82 
15.4 
12.87 
10.97 
3.26 
12.93 
13.38 
10.82 
12.03 
11.89 
15.49 
14.46 
12.84 
18.18 
14.11 
14.14 
11.28 
13.74 
15.42 
14.34 
13.28 
3.26 
16.51 
13.09 
9.6 
15.05 
15.13 
11.51 
12.65 
12.22 
17.53 
11.51 
KNEE 
Instep 
13.46 
11.34 
12.9 
14.25 
11.53 
10.36 
19.55 
12.14 
9.21 
12.07 
12.22 
14.25 
11.84 
14.18 
12.11 
14.62 
9.95 
20.29 
13.89 
13.6 
12.84 
12.97 
12.87 
10.85 
11.84 
13.65 
9.7 
10.85 
16.93 
13.89 
12.97 
14.69 
9.93 
Inside 
14.4 
12.97 
12.78 
10.91 
11.53 
3.49 
11.29 
11.64 
8.51 
11.34 
9.93 
13.96 
13.59 
12.72 
16.07 
13.82 
15.01 
10.22 
10.4 
13.89 
13.46 
12.47 
3.49 
14.98 
10.74 
10.42 
14.54 
14.25 
9.44 
7.67 
12.47 
13.82 
9.44 
HIP 
Instep 
10.1 
6.44 
7.54 
9.24 
6.36 
6.71 
10.73 
7.85 
6.11 
6.91 
6.36 
7.34 
6.27 
8.51 
7.53 
8.58 
7.07 
9.38 
6.76 
9.31 
7.11 
7.17 
7.71 
5.13 
8.04 
8.48 
6.16 
6 
9.42 
8.29 
8.48 
8.22 
5.4 
Inside 
7.78 
7.36 
6.79 
5.84 
6.36 
2.52 
5.95 
6.84 
6.2 
6.42 
5.24 
7.56 
3.93 
6.98 
9.96 
7.93 
14.57 
4.55 
13.53 
8.29 
7.85 
6.61 
2.52 
8.14 
7.04 
6.16 
10.04 
8.14 
5.67 
5.17 
7.36 
8.51 
5.67 
XIX 
JOINT'S ANGULAR VELOCITY OF MEDIUM LEVEL PLAYERS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
ANKLE 
Instep 
13.89 
8.91 
12.33 
17.67 
10.25 
12.15 
18.11 
15.05 
13.31 
11.16 
13.46 
11.47 
17.78 
15.2 
14.59 
9.27 
15.34 
15.49 
13.21 
15.45 
13.74 
12.51 
14.25 
17.89 
12.03 
15.8 
18.4 
8.81 
11.13 
14.33 
13.09 
9.7 
15.93 
Inside 
11.93 
11.13 
13.59 
15.85 
11.91 
11.78 
16.22 
17.31 
9.6 
13.38 
16.84 
11.34 
19.74 
14.54 
14.09 
12.22 
23.56 
20.25 
14.18 
13.45 
14.84 
17.1 
13.53 
15.49 
10.85 
16 
14.02 
14.18 
15.2 
13.24 
13.44 
12.47 
17.74 
KN 
Instep 
13.6 
10.28 
11.89 
13.02 
9.44 
10.41 
16 
12.44 
13.31 
10.85 
11.34 
10.6 
19.85 
14.11 
14.65 
10.14 
113.23 
14.18 
13.03 
12.39 
13.16 
12 
14.4 
17.19 
10.97 
15.36 
17.16 
8.86 
10.25 
14.84 
13 
10.38 
15.2 
EE 
inside 
11.05 
11.56 
12.34 
12.22 
10.28 
10.16 
14.04 
12.73 
8.39 
12.07 
15.27 
9.54 
19.42 
14.25 
13.59 
14.18 
22.25 
18.68 
14.11 
11.56 
14.11 
15.01 
14.91 
15.05 
9.79 
13.53 
12 
13.96 
13.96 
14.18 
13.79 
9.47 
14.69 
HIP 
Instep 
6.25 
5.24 
7.04 
5.82 
4.58 
4.99 
6.84 
5.53 
6.38 
5.49 
7.42 
6.79 
11.89 
7.27 
8.54 
7.36 
6.76 
7.42 
6.79 
7.68 
9.09 
5.31 
8.07 
11.34 
7.42 
7.85 
9.74 
4.76 
5.4 
7.71 
11.08 
6.16 
7.64 
Inside 
6.47 
8.44 
6.92 
6.47 
4.74 
4.55 
6.4 
5.89 
4.07 
7.42 
7.16 
5.55 
9.49 
7.71 
8.04 
8.29 
11.24 
9.42 
7.2 
7.93 
6.84 
8.99 
8.29 
8.51 
6.61 
7.64 
6.82 
5.96 
7.71 
8.8 
8.2 
6.61 
7.42 
XX 
JOINT'S ANGULAR VELOCITY OF LOW LEVEL PLAYERS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
ANKLE 
Instep 
12.07 
14.18 
12.34 
11.22 
11.78 
14.4 
17.31 
13.82 
13.16 
18.94 
13.31 
17.45 
16.44 
11.88 
13.7 
10.73 
13.15 
14.34 
13.45 
9.6 
16.89 
13.16 
13.15 
18.33 
16.65 
18.4 
17.37 
14.69 
13.59 
16 
10.47 
13.15 
16.29 
Inside 
8.29 
15.2 
14.33 
9.38 
15.88 
17.09 
15.85 
12.65 
12.65 
12.94 
11.78 
14.62 
13.25 
13.74 
14.15 
14.91 
13.89 
12.03 
11.59 
19.55 
21.02 
13.74 
19.29 
13.15 
19.49 
15.58 
12.73 
13.7 
17.67 
13.96 
13.15 
13.09 
15.98 
KNEE 
Instep 
9.45 
13.45 
14.21 
12.28 
12.4 
13.24 
15.42 
13.02 
12.29 
17.63 
14.76 
15.13 
15.2 
10 
14.57 
11.61 
12.47 
14.65 
14.18 
9.11 
14.27 
12.29 
12.4 
17.45 
17.38 
14.91 
15.62 
14.47 
11.97 
15.27 
12.78 
11,03 
13.31 
Inside 
7.42 
13.82 
16 
9.27 
15.97 
7.13 
12.44 
13.16 
10.33 
15.49 
12.65 
11.84 
13.69 
11.42 
13.9 
11.34 
12.29 
13.4 
31.54 
13.53 
17.38 
11.2 
18.59 
12.09 
15.78 
13.59 
11.05 
14.57 
12.94 
12.94 
11.91 
12.22 
14.3 
HIP 
Instep 
7.13 
6.98 
10.85 
5.8 
6.3 
7.05 
8.29 
9.16 
5.67 
11.08 
9.45 
7.05 
8.8 
6.51 
8.55 
4.71 
7.6 
9.85 
10.4 
5.62 
7.79 
5.67 
7.11 
8.73 
9.6 
7.34 
7.59 
7.78 
7.6 
8.65 
6.67 
7.17 
8.29 
Inside 
3.8 
7.71 
9.89 
6.49 
8.81 
8.51 
6.98 
7.71 
5.67 
7.78 
7.29 
8.07 
7.36 
7.78 
7.85 
5.75 
7.13 
9.1 
5.86 
9.16 
9.82 
5.75 
9.16 
7.36 
10.76 
6.86 
5.96 
8.55 
8.51 
8.14 
6.54 
6.86 
7.99 
XXI 
Appendix-E 
JOINT'S LINEAR VELOCITY OF HIGH LEVEL PLAYERS 
ANKLE KNEE HIP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Instep 
1207.75 
1853.19 
1856.18 
2145.3 
1886.7 
1902.74 
3261.91 
2565.05 
1605.79 
1993.3 
1907.95 
2573.37 
2031.88 
2390.71 
1670.02 
2206.08 
2596.33 
3225.63 
2482.29 
2220.47 
1864.95 
2071.69 
2434.45 
1894.29 
2134.11 
2102.52 
1534.98 
1886.89 
2896.02 
2141.54 
2134.78 
2209.44 
1790.13 
Inside 
2255.35 
2117.94 
1674.11 
1606.53 
1886.7 
617.63 
1998.23 
2151.46 
1580.42 
1877.9 
1907 
2154.68 
2078.98 
2024.47 
2362.33 
2507.97 
2964.61 
1849.73 
2280.5 
2141.54 
1721.73 
2112.73 
617.63 
2554.77 
1922.81 
1598.95 
2413.35 
2181.75 
1832.2 
2094.53 
1794 
964.18 
1832.2 
Instep 
706.87 
1047.69 
1081.86 
1122.33 
1219.42 
1147.78 
2047.26 
1723.44 
949.12 
1247.24 
1058.61 
1634.84 
1082.61 
1544.27 
987.65 
1539.77 
1552.33 
1861.54 
1552.21 
1703.56 
992 
1099.57 
1647.55 
1063.31 
1307.62 
1305.74 
958.66 
1059.16 
1738.07 
1355.04 
1327.12 
1518.55 
1136.99 
Inside 
1399.59 
1197.36 
963.42 
893.33 
1219.42 
399.67 
1211.58 
1455.96 
950.68 
1084.96 
1272.58 
1285.2 
1317.53 
1294.31 
1471.15 
1590.15 
1891.76 
1152.84 
1435.07 
1355.04 
1039.95 
1295.94 
399.67 
1487.96 
1134 
1047.14 
1524.55 
1369.81 
1124.48 
1329.13 
1024.44 
1070.82 
1124.48 
Instep 
295.08 
565.37 
480.85 
416.14 
714.11 
619.25 
1284.98 
943.88 
501.06 
798.88 
584.55 
949.1 
505.93 
774.33 
364.95 
1029.2 
669.54 
818.26 
1296.95 
865.74 
502.76 
476.64 
920.45 
636.78 
612.04 
655.06 
355.55 
421.33 
592.9 
589.48 
564.33 
562.33 
634.38 
Inside 
755.69 
646.14 
335.79 
400.76 
714.11 
205 
759.68 
733.17 
421.01 
679.93 
744.53 
715.32 
608.98 
634.74 
492.68 
808.45 
841.7 
539.91 
506.93 
589.48 
425.06 
590.01 
205 
852.08 
588.42 
491.19 
700.58 
724.31 
485.58 
642.31 
334.71 
562.63 
485.58 
XXII 
JOINT'S LINEAR VELOCITY OF MEDIUM LEVEL PLAYERS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
A N K L E 
Instep 
2149.52 
1791 
1504.29 
1739,49 
1150.57 
1453.72 
2035.12 
1685.3 
1331.01 
1360.97 
1653.72 
1625.72 
2990.08 
1910.08 
1842 
1604.53 
1629.53 
2452.9 
1772.02 
2011.06 
1488.82 
1662.33 
1765.76 
3042.23 
1980.59 
3328.8 
2213.05 
1362.73 
1179.83 
2249.64 
1697.02 
1227.46 
1865.32 
Inside 
1842.97 
1806.82 
1549.01 
1693.45 
1156.23 
1041.06 
1891.04 
1358.29 
1341.28 
1779.91 
1861.85 
1416.7 
2059.78 
1802.63 
1655.65 
2427.28 
2494.79 
2103.54 
2193.53 
1780.13 
2021.57 
2296.2 
1596.98 
1390.55 
1145.75 
2695.11 
1820.03 
2448.03 
1824.74 
1775.69 
2144.04 
1591.81 
1685.73 
KNEE 
Instep 
1230.29 
3818 
885 
1021.58 
656.03 
995.32 
1180.58 
994.17 
670.81 
819.96 
904.25 
973.64 
1089.13 
1340.08 
1251.61 
1058.88 
1061.83 
1211.71 
1267.46 
789.95 
1075.71 
508.13 
985.79 
1588.7 
886.14 
1455.75 
1108.38 
732.95 
842.25 
1344.08 
1090.45 
872.14 
900.67 
Inside 
1013.88 
781.13 
877.46 
1000.04 
648.75 
935.04 
1136.54 
875.21 
772.72 
1584.17 
1065.65 
820.86 
1019.69 
1123.42 
956.14 
1453.54 
2009.94 
1310.1 
796.38 
982.38 
1104.21 
1183.35 
1028.75 
981.63 
874.71 
1720.71 
989.5 
1363.75 
949.17 
1195.83 
1395.5 
933.07 
957.08 
1 
Instep 
794.34 
593.74 
438.63 
557.24 
312.79 
669.43 
678.29 
595.17 
340.76 
578.75 
595.02 
569.65 
552.9 
869.98 
576.52 
332.62 
655.34 
684.05 
737.04 
456.29 
512.02 
608.92 
467.86 
845.14 
466.4 
793.75 
325.93 
377.06 
580.79 
747.78 
659.92 
453.47 
427.65 
HIP 
Inside 
634.84 
380 
380.14 
1593.27 
300.62 
889.09 
690.43 
523.04 
316.07 
1158.08 
693.48 
484 
948.62 
579.23 
464.96 
804.38 
1220.79 
914.97 
628.12 
583.09 
589.81 
703.37 
543.98 
874.98 
468.8 
1045.93 
413.69 
856.43 
492.1 
613.27 
816.01 
529.23 
510.8 
XXIII 
JOINT'S LINEAR VELOCITY OF LOW LEVEL PLAYERS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
A N K L E 
Instep 
1541.32 
2016.87 
1664.48 
2267.12 
895.75 
2265.33 
2566.10 
2692.14 
1744.48 
1841.47 
1691.00 
1699.90 
1799.60 
1266.38 
2208.38 
1599.31 
1793.19 
2024.28 
2139.95 
1552.88 
2233.54 
1744.48 
1548.97 
1945.90 
1856.13 
1776.77 
1958.83 
1821.21 
1358.80 
1687.19 
1400.62 
1749.51 
1563.22 
Inside 
645.49 
1838.70 
2172.57 
1676.65 
2861.74 
2175.07 
1900.83 
2553.83 
917.28 
1636.30 
1587.76 
1916.33 
1374.85 
1726.08 
1864.69 
1332.75 
1905.91 
2121.17 
1293.89 
2835.38 
3248.63 
1582.62 
2363.00 
1370.18 
2555.10 
1446.23 
1364.15 
2208.38 
2619.86 
1971.88 
2027.01 
1778.57 
2138.11 
KNEE 
Instep 
820.15 
1185.90 
880.28 
1138.11 
529.86 
1414.30 
1528.08 
1711.33 
1069.91 
1180.99 
1025.45 
1002.51 
1157.26 
716.52 
1332.12 
722.93 
1032.01 
1266.43 
1343.21 
703.47 
1463.56 
1069.91 
958.92 
1145.03 
1068.07 
1092.40 
1261.08 
1091.23 
689.44 
1111.72 
944.08 
1078.29 
1099.77 
Inside 
313.04 
1077.55 
1228.17 
966.93 
1899.79 
1295.56 
1530.19 
1642.77 
564.48 
1078.85 
965.03 
858.33 
542.31 
1125.32 
1064.49 
602.44 
1034.12 
1033.64 
800.50 
1766.98 
1882.43 
959.53 
1479.38 
965.03 
1144.45 
896.89 
790.88 
1332.12 
1362.93 
1030.31 
1128.96 
1096.92 
898.22 
1 
Instep 
525.48 
426.26 
333.34 
525.77 
264.72 
759.50 
806.85 
981.65 
642.03 
685.59 
482.63 
492.80 
659.57 
401.66 
760.18 
479.43 
480.45 
728.73 
494.45 
493.19 
791.96 
642.03 
484.99 
507.93 
466.75 
611.56 
776.63 
555.56 
542.86 
553.77 
435.35 
526.11 
672.14 
HIP 
Inside 
175.39 
452.85 
532.95 
418.42 
1002.46 
697.70 
747.60 
987.77 
630.04 
516.71 
475.21 
354.49 
399.26 
594.47 
575.39 
329.78 
570.71 
387.92 
365.17 
1014.52 
1021.76 
532.33 
1812.67 
442.20 
472.65 
488.09 
458.85 
760.18 
562.25 
734.63 
738.90 
596.26 
646.86 
XXIV 
Appendix-F 
Ball velocity among diffen 
No. of 
players. 
Kick 
1 
2 
3 
4 
5 
(3 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
High 
instep 
247.49 
236.17 
384.67 
212.13 
329.51 
280.01 
291.33 
321.03 
333.75 
274.36 
212.13 
292.74 
274.36 
253.14 
272.94 
376.18 
326.68 
182.43 
263.04 
213.55 
265.87 
199.40 
239.00 
224.86 
222.03 
264.46 
281.43 
233.35 
288.50 
247.49 
311.13 
217.79 
223.45 
Levei 
inside 
227.40 
172.96 
316.93 
123.07 
227.78 
214.44 
207.62 
233.27 
196.92 
238.67 
299.39 
218.01 
252.30 
344.08 
249.21 
163.59 
174.56 
157.66 
208.52 
257.93 
176.32 
152.50 
152.78 
194.93 
171.40 
144.67 
139.44 
155.71 
258.32 
214.28 
169.06 
203.39 
135.44 
IVIedium 
Instep 
323.13 
162.83 
191.97 
286.30 
105.19 
190.97 
287.20 
303.18 
123.71 
229.92 
192.30 
303.21 
282.97 
361.61 
191.89 
310.62 
229.51 
343.98 
225.18 
191.97 
297.31 
206.71 
292.96 
271.12 
325.39 
292.12 
339.24 
258.49 
248.13 
267.46 
260.51 
251.87 
191.89 
3nt level 
1 Level 
Inside 
210.79 
120.07 
158.86 
207.86 
162.56 
141.77 
155.27 
151.82 
153.22 
159.62 
157.17 
161.01 
165.46 
183.52 
162.64 
177.42 
121.76 
125.32 
142.87 
138.60 
185.32 
165.42 
154.87 
164.47 
182.02 
144.13 
157.50 
168.57 
207.78 
160.10 
189.01 
238.76 
171.03 
players 
Low Levei 
Instep 
221.62 
166.65 
137.88 
169.00 
144.09 
162.34 
143.96 
183.12 
122.72 
153.73 
180.35 
166.21 
187.54 
192.28 
119.05 
127.02 
111.09 
168.58 
157.49 
171.77 
189.71 
187.26 
139.61 
183.12 
147.14 
192.28 
129.84 
200.44 
167.53 
199.91 
209.66 
139.65 
138.23 
Inside 
126.73 
275.80 
128.80 
251.87 
125.39 
261.08 
154.69 
129.14 
306.88 
295.85 
139.47 
133.06 
347.93 
225.14 
219.72 
246.53 
212.96 
331.61 
257.10 
335.68 
303.25 
222.71 
299.66 
219.86 
262.84 
272.88 
241.14 
377.97 
336.87 
271.94 
423.33 
250.22 
219.72 
XXV 
Abbreviations 
2-D Two Dimensicnal 
3-D Three Dimensional 
A.I.F.A. All India Football Federation 
AAV Angular Velocity of Ankle 
AFC Asian Football Confederation 
ANOVA Analysis of Variance (ANOVA) 
BBC Before Ball Contact 
BC Ball Contact 
BTO Ball Take-off 
C-F Contact to Follow Through 
CG Controls Group 
COM Centre of Mass 
COR Centre of the Rotation 
DCB Distance Covered By the Ball 
deg/s Degree per second 
DOF Degree of Freedom 
EG Experimental Group 
EMG Electromyography 
F.A. Football Association 
FIFA Federation de International Football Association 
FK Full-instep Kick 
GRF Ground Reaction Forces 
HAV Angular Velocity of Hip 
I-C Initial to Contact 
IFAB The International Football Association Board 
IFK Infront Curve Kick 
IIK Inside Instep Kick 
IK Instep Kick 
IMM Software for Interactive Musculoskeletal Modelling 
ISK Instep straight kick 
KAV Angular velocity of knee 
Kg Kilogram 
LSD Least Significant Difference 
LVA Linear Velocity of Ankle 
LVB Linear Velocity of Ball 
LVH Linear Velocity of Hip 
LVHE Linear Velocity of Heel 
LVK Linear Velocity of Knee 
m/s Metre per second 
MAT Motion Analysis Tool 
MS Mean Square 
OFK Out-front Curve Kick 
PC Personal Computer 
PK Pass Kick 
SD Standard Deviation 
SS Sum of Squares 
